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VoL. XXIX SECTION -A Part II 


MECHANISM OF THE ACTION OF ALKALINE IODINE SOLUTION ON 

ACETALDEHYDE 


By 

SAMRERBOSE 

Departmmt of Chemistry, Mahakoshol Mahaddyalaya, Jabalpur 
[Received on 13 th February, 1960] 

Woo and Ghuld« have suggested that the iodoform reaction of acetaldehyde ii 
probably acTOmpamcd by oxidation of the aldehyde molecule to acetic acid The 
present worker* by an analytical study of the action of alkaline iodine on acctalde- 
hyde has shown that two simultaneous reactions occur: 

CHaCHO + 3 la + 4 NaOH = CHIg + HCOONa + 3 Nal + 3 HjO (1) 

GHaCHO + la + 3 NaOH = GHaCOONa + 2 Nal + 2 HaO (2) 

fi«t reaction was predominant while in 
presence of free iodine and low alkali concentration the second one occurcd to a 
larger extent. So far no atternpt has been made to explain this peculiar phenomenon 
nor any mechanism proposed for the formation of iodoform from acetald^ydc. Bell 
u formation of iodoform from acetone. They 
studied the base catalysed halogenation of acetone and observed that the rate 

KnSi iTZ. ^‘'pcct to the halogenating agent 

i respect to both acetone and hydroxyl ions. Bartlett* 

fit 1 - reaction rate depended on acetone concentration and on the 

rtf LttAnJ! reaction involved the enolisation 

was catalysed by free alkali, the 
r!a?tirtn f K? ir ^ ‘ concentration. Although the acetaldehyde 

reaction also depends on the alkali concentration, a similiar enolisation is improbable 
from Us elecfrooic structure considerations. Ingles and Israel* upclcrtook the kipetic 


^lactose etc.) 


and ooncloded that 'f “'"S; «„.u„,.d «nd Ihj Inform 

tbe solutio^ In jl results corraiawl wsth the con- 

?elatts7thcTS :«d uni JJfeO molecules m the reaction nurture. 

EXrERIMKNTAL 

r.,. 1 . •!•„ , flrataldc'hvde being very low it is not possible to prepare 

■ f ^Srd^?oktins by weighing. Stock sohuion of 0-t)5 M acetaldehyde wm 
I ts a orr^samplc of the aldehyde in conductivity water and this 

prepared by dissolving 

hvSSire oxidadon nfethod.® The two methods gave re.salM which agreed to 1% 
SSraci The second procedure was quick and accurate smd gave g.KKl rciu ti 
with very dilulc solutions for which Schults method was found to be unsuitable. 

(A) D«pendanc« of lodlM consumed on pH of the solution : 

Three sets of experiments were carried out at S diflcrrnt dilutions of 

acetaldehyde and iodine, and the amount of iodine couwmed ««*»' P|Jf 

deterSned. In the first set 10 c. c, of 0 002 M acetaldehyde and 10 c.c. of O'OjlW 
iodine solutions were mixed and diluted with 50 c.c. of water. I he re«uo« was 

started by adding 4 N sodium^ hydroxide solution (varying quantities). pH of 

the reaction mixture was immediately determuiecl by Ikckriuiii pi I nwMt Model H2» 

The solutions were stirred up before taking th« pH reading. As the concemrationi 
of acetaldehyde and iodine were very low as compared with that of the »lk»b, there 
was only a very slight change in pH (.-FO'U during the course of the reaction in 
these exMriments. After 15 minutes (at 25® C) when the reaction was complete the 
reaction mixture Was acHified with excess of 4N sulphuric acid and the iodine 
liberated titrated with 0-0125 N sodium thiosulphate solution. A blank was carried 
out under identical conditions except for the addition of icctsildchyd«» 





t)tmt with tke^ variation In the pit of the reaction mixture., 'The large increase in 
the amount of iodine consumed with increase of pH is noteworthy. This predicts 
more and more of iodoform formation with increase in alkalinity. 

(1) Iodoform formed on pH : 

In these experiments the iodoform produced was estimated by photo-oxidation® 
^^^^tnount produced was very small and could not be estimated by the usual 
methods. Thc^ reaction was carried out in the manner already described under 
varying pH which was experimentally determined. At the end, after'acidifying the 
reaction mixture the excess of iodine liberated was titrated precisely with sodium 
thiosulphate solution and then the iodoform present was repeatedly extracted with 
about 50 c.c. of ether. This solution of iodoform was taken in a 250 cx. pyrex flask 
and treated with 10 c.c, benzene and 100. cx. of 0*01 N sodium thiosulphate solution. 
The flask was exposed to sunlight at about 25^G for half an hour with shaking at 
intervals. At the end the ether benzene layer remained colourless indicating that all 
the iodoform had^ decomposed. The excess of sodium thiosulphate in the flask was 
then titrated with iodine solution and thus the iodine liberated by the quantitative 
oxidation of iodoform was determined (one molecule of iodoform gave three atoms 
of iodine)* The method has a precision of 1% or better. In Fig. 2 the percentage 



of acetaldehyde converted to iodoform has been plotted against pH of the reaction 
mixture. 


DISCUSSION 

The iodoform reaction (equation 1) consumes 6 atoms of iodine per molecule of 
acetaldehyde while the oxidation reaction (equation 2) consumes 2 atoms. In Fig* 1 
increase in alkalinity leads to an increase in the consumption of iodine and the atoms „ 
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of Iodine consume*! per molecule of acetaldcliyde rises to 5*8, approaching the 
theoretical value of 6. In Fig. 2 the experimental curve ((J) has been compared with 
the theoretical curves (A) obtained by plotting the concentration of nnionisetl HID 
molecules against pH and' curve (B) obtained by plotting concentralian of Ol-lons 
against pH. The curves A and B have been adopted from the papcic* published by 
Ingles and Israel {he eU). It will be evident from the slope, of the curves that the 
iodoform curve (C) resembles very much the O [“curve (B) and diil'ets very markctlly 
from the HIO curve. This shows that the increase in l!ie (>rions between pll! 
12"12'3 is responsible for corresponding increase in tlsc hirmation of lialoform. 

The preliminary value of the ionisation constant of HIO has been given by 
Firth’ as: 



H+ X 01- 


lO-u 


Therefore the hydrolysis constant (Kh) at 25® Cl of NaOl will be 10 On 
calculating it can be shown that at pH 7 there will be llKhK) molrcwles of unioniind 
HIO for every OHon while at pH IS for every one molr.cntn of nniouised HIO 
there will be 100 ions of OI“. Hence in a mixture of iodine and alkali the pH of the 
solution has a very marked effect on the concentration of IHC) and C)I which appear 
to be responsible for formation of acetic acid and imloform respectively in these 
reactions. A mixture of iodine (40 c.c. of 0*05 N soln.) and NaOH tl c, c, of IN soln.) 
containing excess of the former reagent has a pH of about 10*. 5 and ctintains ()I ions 
in very Tow concentrations. This mixture was found to act only as an oxidant and 
was capable of oxidising 99'7% of acetaldehyde to acetic acid. Hence a methoti* 
was devised for estimating acetaldehyde by iodometry by tiuantilaiivcly oxidising it 
to acetic acid. In presence of large excess of alkali (pH about 12*5) imlinn was 
found to convert 97% of acetaldehyde, present in very dilute solutions, to iodoform. 
This constitutes a second method* of estimating acetaldehyde iodomctricaliy. 

In conclusion it is stated that the oxidising notion of a mixturn of ItKline and 
NaOH is dm to unionixed HIO molecules present in the solution and the lodinating 
action due to Oldons. 


SUMMARY 

Alkaline iodine solution when treated with an aqueous solution of acetaldehyde 
produces two simultaneous reactions. One is the oxidation reaction leading to the 
formation of acetic acid and the other is the iodination reaction affording iodoform, 
A study of these two reactions (involving the estimation of iodoform by photo- 
oxidation) was earned out under various pH and graph drawn by plotting the 
i^ofprm produced against pH of the solution. This graph when compared with the 
theoretical curves obtained by plotting 01; and HIO concentrations against pH of a 
swution of NaOI, leads one to the conclusion that the oxidation reaction is brought 
aDout ,py ' tae-umomsed HIO molecules and the iodiaaiioii wacikiri W the ul^ 
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fctelEMtCAt EXAMINATION OF 


tllE LEAVES OF aOUQlU.VS LAi'BA, />. C, 


PART in : STUDIES ON UNSAl’f )Nll'I ABU''. MA l'Tl'.R 


By 

A. SINItA 

Photnocological Labofatories, Division of Chortvshy, Aifdtcnl 
[Received on I7th Febntarjr, iSfiu] 

B and y-iitosterole have been isolated from the. leaves of Cmmlus rjtdii ami have hem character, 
ised by the preparation of their acetate, benzoate and digit.mide derivatives iitid by eompar iion of their 
analyses, m p.’s and rotations with those for known iiitosterols. 


Under the rcasearch programme on systematic fjtftminatitw of Inditm metji- 
cinal plants, it was thought desirable to investigate. Voeettlus Ih O. (N. O. 

Menuptmactm),3i icmdcnt shrub found in the dry parts of western Intha finti enri- 
monly known as Ullar-billar. The plant is known for its medicitial pmpertte**'* 
and the leaves are used for its bitter, tonic and antipcriodic properttes. A prcl»mi« 
nary chemical examination of the leaves showed the presence of ttlkahiids, essentifil 
oil, sterols, mucilage, colouring matter and mixture of fatty acids.* Tim present 
communication is concerned with the investig.ition of the unsaponiiiAtrlc rnatlcr 
of the leaves and isolation of ^ and V-sltostcrols. 

The sterols of the leaves of this plant have been isolated hy the usual proce* 
dure* and purified by repeated crystallisation from methyl alcohol. The crude 
sterol fraction was further purified by extraction with methyl alcohol and by column 
chromatography over Brockmann alumina using petroleum ether, ethcr-aliwhol 
(equal vols.) and benzene-chloroform (3:2 v/v) as the successive eluents. Two 
fractions of the sterol weie obtained from the latter two solvents and were repea- 
tedly recrystallised from the respective solvents. The two fractions gave the usual 
tests for the sterols and were identified as jS and y-sitostcrols. Melting points were 
taken on a Kofler block and rotations were measured in chlajomrm solutions 
(cone. l7.)* 


EXPERIMENTAL 

Isolation: purification and fractionation of sterol : 

The sterol fraction was isolated by following the procedure adopted for the 
leaves of Tinospora CHspa* when the crude sterol fraction, yield 0'05% (on dry wt. 
basis of the leaves) was obtained. The crude sterol fraction was purified hy 
repeated extraction with methyl alcohol and by column chromatogr aphy of the 
prc^uct over Brockmann alumina column using petroleum ether, cthcr-alcohol 
(la v/v) and benzene-chloroform (3:2 v/v) as the successive eluents when two frac- 
tions A and B of the sterol were obtained from the latter two solvents. The sterol 
fractions wwe separately repeatedly rccrystalliscd from the respective solvent 
mixtures. The petroleum ether extract consisted of a waxy material melting 
indefinitely, 50®-66°. 
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Examination of sterol fraction A : : 

• The sterol fraction, obtained from ether-alcohol mixture, constituting 65% of 
the crude sterol was finally recrystallised from methyl alcohol when shining flakes, 

« 37“.0 were obtained. It showed no alteration in specific rotation 

on crystallisation by the technique of Anderson®. (Found: G, 84,00; H. 11'90% 
M. W. . (cryoscopic in benzene) 418; Calc. forC.oHgoO: G, 83'93; H, 12T5%, 
M. W. 414). 

The sterol acetate, benzoate and digitonide prepared in the usual manner 

were obtained in shining flakes, m.p. 126»,[ a -42°.0 (Found ; G, 81-40 ; H, 11*39% 

M. W. 460. Calc, for Gji : G, 81*57; H, 11*47%, M. W. 

456); m.p. 144°.0, [«]d ” (Found: G, 83*20; H, 10*38%, Calc, for 

QaHfiiOj : G, 83*34; H. 10*49%) and as a white flocculcnt powder m.p. 230° (dccomp.). 
(Found : C, 61*88 ; H, 8*54%. Calc, for Gas,H6oO.G*eH,.0,, ; C, 62*19 ; H 8*65%) res- 
pectively. 

The regenerated sterol obtained on hydrolysis of the sterol derivatives was 
found to contain the original characteristics of the sterol fraction A. The sterol has 
thus been identified as j0 -sitosterol* from a comparison of the analyses, m.p.’s and 
rotations with those for known sitosterols. 


m.p. 136°,j^ 


Examination of sterol fraction B : 

The second sterol fraction obtained from benzene-chloroform solvent was 
crystallised several times from methyl alcohol till it showed no alteration in specific 
rotation on crystallisation by the technique of Anderson.® It was obtained in 

*TI l8 

colourless shining plates, m.p. 145°, [ a -40='.O, M. W. (cryoscopic in banzene) 

418. (Found: C, 83*78; H, 11*98%. Calc, for Cs.HsoO : C, 83*98; H, 12*15%. 
M. W. 414) 

The sterol acetate and benzoate, prepared in the usual manner were obtained 
in colourless shining plates, m.p. 40*.0 (Found : G, 81*45 ; H, 11*36% 

Calc, for C3iHs.i02 : C, 81*57 ; H, 1 1*47%) and m.p. - 14°.5 (Found : G, 

83*30 ; H, 10*36% Calc, for GseHsjOa : G, 83 34; H, 10*49%) respectively. The 
sterol digitonide was obtained as a white powder, m.p. 220° (dccomp.). (Found : 
C, 61*82 ; H, 8*43%. Calc, for CjoHsoO. GssHmO,* : G, 62*19 ; H. 8*65%). 

The regenerated sterol obtained on hydrolysis of the sterol derivatives had the 
same characteristics of the original sterol in each case. The sterol has been 
identified as y-sitosterol. 

The characteristics of the two sterols are in conformity with the earlier obser- 
vations of the author® on -sitosterol from Pongamia Glabra and Ghakravarti, tt aP 
on y-sitostcrol from the leaves of Aegle Marmelos Correa respectively. 
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rj5.i2.rAiiai lUiN UF ^^UMK 3-AGfiTOXyMERGURIARYL-2-AGETOXY^ 
MERGURIARyLIMINOTHIAZOLID-4-ONES 


By 

RAVINDllA PRATaP RAO 

Department of Chemistry ^ University of Gorakhpur, Gorakhpur 
[Received on I ith April, I960] 

ABSTRACT 

^ Fungus or mold action causes loss by destruction, deterioration, weakening etc. of a large number of 
Items of our daily need, rhetefore, it is necessary to have available various fungicides from which may be 
chosen one or more^ adapted to known or anticipated conditions. With this aim in view the preiCnt author 
has started the fungicidal assay of several compounds likely to possess fungicidal activity. The present 
paper deals with the preparation of several 3-acetoxymercuriaryl-2-acetoj:ymcrcuriarylinimoAia2:olid-4 
-ones for evaluating their fungicidal properties. The conditions for obtaining the best yields have also bcea 
described. 

Usefulness of thiazolidoues in medicine as local anaesthetics, inhibitors of 
electrically induced and metrazol induced convulsions and amocbacidal agents is 
well recognised. Rout and Pujari^ and Rout^ have assayed several 2-aryliminotMa»' 
olid^-oncs and their derivatives for fungicidal activity and found that the mcrcurated 
compounds were very effective, completely inhibiting spore germination even at a 
dilution of 5 to 6 p. p. m. 3-Aryl-2-arylimmothiazQUd-4-oncs arc quite similar to 
the corresponding 2-aryliminothiazolid 4-ottcs as all these compounds contain N-G-S 
grouping, characteristic of many well known compounds showing toxicity to fungi.5* 
Further it has been recently found that B-aryl-2*arylimmothia«olid-4*oncs and 

3- arylthiazolid-2, 4-diones show marked antifungal activity,^ Several workers have 
earlier observed that the introduction acctoxymcrcuri group or bydroxymcrcuri 
group in the nucleus, substantially augments the fungicidal as well as bactericidal 
properties of the parent compounds®'®. It was thought therefore, to prepare acetoxy- 
mercuri derivatives of some 3-aryl*2“-aryliminothia2oUd4-ones in order to evaluate 
their antifungal activity. On the basis of earlier work on the mcrcuration of 
thlazolid-4-ones and thiazolid'2, 4-diones’^®, it has been assumed that the acetoxymer- 
curi group caters the aryl nuclei attached to the imino group at 0* and N atom of 
the thiazolid-4-one nucleus, at the para-position or the ortho-position of the aryl 
nucleus (with respect to N atom), the latter case being only favoured when the para 
position is blocked. 

The rate of formation of these compounds varies with the different thiazoUd- 

4- ones, In some cases good yields arc obtained by carrying the reaction cither in 
hot condition or in cold condition, but in majority of cases heating becomes necessary 
in order to get good yields. Not only this but it considerably reduces the time taken 
for the completion of the reaction. This has been illustrated by preparing diacet- 
oxymercuri derivatives of 3-phcnyl 2-phenyliminothiazoHd-4-one and S-o-methylp* 
henyl-2-o*methylphenylimiaothiazolid-4-one in cold as well as in hot conditions. 

EXPERIMENTAL 

Preparation of the starting materials : The 3-aryl-2*aryliininothiazoHd- 
4-ones were prepared by reacting sym-dirayl-thiocarbamidcs with monbcbloroacetit 
acid in ethanolic medium in the presence of anhydrous sodium acetate as discussed 
earlier ' The sym-diaryl thiocarbamides required for the above purpose wer<r 
obtained by the method of Rathkc^i and Rao.^^ 

t IQl J 



•' FifesT method • 

Preparatiari of 3 -Ai:etoxymercoripli«nyl- 2 -acetoxym«rt‘ar!pheiiyKmipat- 
hiazolidXone : 3*Phcnyl-2-phenyliminothiaz<»rul-4-(>nn (D'f) ft.} w.is dbsalvctl in 
alcohol (5 c. c.) and glacial acetic acid (10 C. C.) and w.'w tixr.n hralcd xvuh a warm 
solution of mercuric acetate (I’lO g. in 5 u. c. wafr and 2 c. c. lun-tie acnl). 1 Ivr 
mixture was stirred vigorously, the compound began to aeiwrale altr.f .. numurs and 
after 20 minutes a larger portion was acpiratcd. Tt w.j.s tlien krtn overnight, ilm 
precipitate was’ colketed and washed repeatedly with hot water and Imally with 

dilute acetic acid and hot alcohol, The compound was obtained m the ionu ol a 

light- yellow powder. Yield: 1*28 g. (80% of theory). It tinos yellow at l',h)° 
shrinks at 235° and decomposes above 25 


Foundt.Hg, 52-30. GioHieNaOsSHgj requires Hg, 51*07 per cent. 
: This compound was also prepared by the following ractltod: 


SECOND METHOD 


r The reactants were taken In the same proportion as dacribed in the above 
experiments in a 100 ml hydrolysis flask .and refluxed directly on an asbrstos wire- 
gauze. After refluxing for two minutes a dirty white material began to separate, 
The rate of separation of this compound increased with time, Alter iru miuuirs; 
risfluxing .was stopped and after cooling, excess of water was mlded, when further 
precipitation occured. The compound was filtered on a buchufr ftumrl and was 
treated as indicated under the First method. Yield; 1*23 g. (77% of them y). Hus 
also darkens in colour and then shrinks at 235-36® and decomposes above 
Foundi Hgi 51*88. Ci8tti8.NjOsSHgj requires llg, 51*07 per cent. 

, After a careful study of the jdjovc two methoclji it Isecomes obvious that 
3-acet6xymcrcuriphcnyl-2-acctoxymcrcutiphenyHminolhia'J:orui~~4-t>ne is iVit iued in 
nearly equal yields by both the methods but by applying second metiiod tliC reactUm 
is, completed within 10 minutes only. 


,Freparation of 3-Acotoxynioifc«ri-o-m«tliylph«ttyl»’J-aeeto»yna«rcttifl 
-o-AiethylphenyUminothmzoUd-4-one : (By applying first tnethtMl), To the warm 
aolutidn of 3-o-methylphenyl-2-i)-mcthylphenyli»unothiaxolid-4*one (1 g.) dissolved 
in alcohol-acetic acid was added a solution of rhereuric acetate (2*15 g.) in water 
acidified with acetic acid. The mixture was stirred well, no preeipitation took 
place even after 1; hr. The mixture was then kept overniglit, even then no precipitate 
appeared. It was thp left for a week, after which a lutle. precipitate separated. 
It was then diluted with excess, of water and the precipitate obtained was purified as 
given under the first method. The compound was obtained in the, form of a light 
yellow, powdw.^ Yield: 1-2] g. (40% of theory), turns orange near l76.7a0C. and 
melts at 182-84®G. Found: Hg, , 49'67. Ci^HjoNASHga requires Hg, 40*31 

cent, -t ■ 


per 


a experiment was repeated by taking the reactants in the same proportion as 

described above and^the reaction mixture was refluxed directly on an asbestos wirc- 

S^v?Uowi?tr^n’'”T^^ minutes of reflux the mixture turned 

maetion After eight minutes the 

SS rSuS twlb.' separation of tlic compound. After 20 

not cSourbsT 1 the supernatant liquid was 

not colourless, so the refluxing was continued for 10 minutes more and the com- 
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TABUB 1 

3-ACETOXYMERGURIARYL-2-AGETOXYMERGURIARYLIMrNOTHIAZOLID-4-ONES 
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(0-954 g); 15 c. c. lor at 200°, 

m. p. 2750G. 



pound precipitated was purified as described under method first. It was obtained 

as a light yellow powder. Yield: IdJO g. (GB% of theory). I he coiiipouiicl turneci 

orange at 175^ and melted at 182*t^Ch Found; Mg, 41F5U ^ requires 
Hg, 49’34 per cent. 

A study of the yields in tho two^ f'?c,prriin^nOi clrurly ihows that 

3- acetoxymercuri - o-methylphcayl 2-i aetoKyoituaairiojoufUjivl|>hfoiyniiiho)ihi;uiili(i«. 

4- one is not completely forimxl in th;: C!)ld condithon tl*r.auio of ooiifiidnrablc 
reduction in the time taken for the completion of reaction as well ai gnod^ yield; all 
the diacetoxymercuri-dcrivatives wen preparmi !>y tlio smmd tmilmi* Umir m* p., 
analytical data and other details arc reported in ‘Fahle L 

Author’s grateful thanks are dti.*'. to Prof, Jl.C. Mchrotni, Deaiq Faculty of 
Science for his guidance and Sri B. N. J'liU;, ^Vicc^Ghancclloiy ior !us good wishes and 
encouragement. 
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ABSTRACT 


The Allylamine salts of D- and L-Campbor jS . sulphonic acid have been prepared and 
characterised. Its optical rotatory power has been studied in water, methyl alcohol, ethyl alcohol, 
coloroform and pyridine. In each solvent it was lound to exhibit simple dispersion in the visible region. 
When its rotatv>ry power is compared with that of ai^imonium - D - or L - camphor ^ - sulphonafe in 
water, methyl alcohol and ethyl alcohol it is found tha:t the efS^t of allyl group is to cause a decrease in 
rotatory power. 

INTRODUCnON 

The work of Rule and Smith” first pointed out that the polarity of the 

substituent group has an effect on the magnitued of the rotatory power. It was 
found that in general the replacement of hydrogen in an optically active com- 
pound by a positive substituent displaces the rotation in the opposite sense to that 
due to a negative substituent. It was pointed out by Singh et aP that generally a 
positive group exhibits an increase in rotation and a negative group a decrease in 
rotation.^ 


In this paper the authors have studied the optical rotatory power of D-and 
L-allylamino-camphor-/3-sulphonate and have compared its value with that of 
corresponding ammonium salt of Rcychler's acid with a view to find the effect of 
allyl group, 

EXPRIMENTAL 


Rey chief’s D-camphor-jS -sulphonic acid was prepared from natural D-cam- 
phor essentially according to the method given by Reychlei® and described earlier 
by one of us.® 


L-camphor-/?-sulphonic acid was prepared by the oxidation of Lusoborneol 
which gave L* camphor which was sulphonated to give the acid, 

Allylaiinino-camphor-/}-$uiphonaie 


9'28g. of D-or-L-camphor-^-sulphonic acid was condensed with 2*28gi of 
allylamine in ethyl acetate medium. It was then recrystallised from a mixture of 
benzene and carbon-tetra-chloride. For D-salt: Yield = 8g; melting-point == 
125-260C; found: Srzia-92%, Cio«i 5 OSOaH.HaN-CH,-CH=GHa requires 
1T07%. For L-salt; Yield»=8’4g,; melting point== 125- 26<^G; found: S5=ll’15%, 
CioHx 5 OSOaH.HaN - GH*- GH=GH, requires 1 1*07%. 

The salts are white crystalline solid. They are highly solouble in water, 
methyl alcohol and ethyl alcohol; less so in chloroform and pyridine; sparingly in 
benzene and practically insoluble in acetone, ethyl acetate, carbon-tetra-chloride, 
ether and petroleum ether* 


The rotatory power determinations were made in a 2 dem* tube and the results 
are recorded in table b 
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mparison of Optical Rotatory Power of active ammonium-camphor-/3^uIphonate and aUylamino-camphor-/3-sulphonate 
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^6708 24*50 19^2 19-68 27*(X) 26*52 20*26 20*53 



The rotatory power given in Tabic I was analysed by lhc methnd of I.owry.'' 
On plotting l/[a] against X* a'straight line wa:i obtained in rucU rusr. This indi- 
cated that the compound shows simple ditpi rslnn and lienee the rtiiutiou e,m he 
expressed by one term of Drude’s apiniinn. in each ease the rt|n.Uiim was calcu- 
lated and is given in Table I. It was I’naiid that there is very t^nod agreement 
between the observed values of rotation and iluise oblaineil from these e.ileailate.d 
equations in the whole of the visible region of the spectrum. 

DISUUSSIOM 

The rotatory power of D- and L forms given in Table I supports I’.istem ’s 
Principle of Molecular Dissymmetry. In about 120 readings the diltcrencc between 
D-and L froms is seldom found to be beyond the t xprimcntal error. 

In case of non-equeous solvents such as methyl alcohol, ethyl iilcohol, chloro- 
form and pyridine the optically activ«: aliyl.anmmeamhpor *^l-,‘miphon,vi« exhilrit 
slight mutarotation after 22-23 hrs. This matariHatiim is jirohahly tine, to the very 
slow formation of ketimine as suggested hy ifchreibcr and .Shriner." 

The authors had previously studied the rotatory power of ammoniumd) or 
L-catnphor -j3-sulphonatc in aqueous and non aqueous solvents.” A comp.irision of 
its rotatory power with that of allyl airuno-D- or L- camiihor«/h**'»lpi»o»s;ue in waifi% 
ethyi alcohol and methly alcohol for 12 dillerent wave lengtlts is given in rablc 2, 

From this table it is clear that in watet , methyl alcohol and ethyl iilcohul 
allylamino *D-or L-camphor -jS-sulphonatn exhibits a lower rotation as e.onipaied 
with ammonium-D-or L-camphor-^- sulphonate. The decrease in rotaion is practj- 
cally uniform in the whole of the visible region for the 12 wavelengths studied. 

These results arc in agreement with the view that sulisiitinion of an electrone- 
gative group in the place of electro-positive hydrogen causes grnendly n dccrerse 
in rotation. 
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ABSTRACT 

In the present note thermally induced convection in an atmosphere following the polytropic law 

r 

/> oc P investigated. The atmosphere is supposed to be initially plane parallel. The density from the 

top to the bottom varies by a large factor as is found in the convective zone of the sun. The viscosity 
ai.d beat conduction is ignored but radiation is taken into account This is the main difference hmm the 
previous works. Perturbation theory is applied with the assumption that the perturbations are adiabatic 
and small These perturbation equations are linearized. T'he integration is carried out for the fundamen- 
tal mode The thickness of the disturbed zone is found to be much larger than for the case when radi- 
ation was neglected. It is found that tlie integrations arc possible for horizontal wave lengths much less 
than the thickness of the atmosphere. 


INTRODUCTION 


The Study of thermally induced convection vyas first made by Lord Rayleigh 
(1916) for the case of a homogeneous incompressible fluid* The recent studies of 
miss Vitense (1953) of solar convective zone have shown^ that the depth of the zone is 
too large to apply this homogeneous theory. The varition of density from top to 
bottom is found to be at least of the order of 10^ The various phenomena observed 
on the surface of the sun (granules, flares, etc.) seem to indicMc that the convection 
in stars in general and in the sun in particular is turbulent m character. ^ The 
theory of turbulence is not developed very much to follow the investigations in all 
its details. The mixing length theory which people generally relate to the scale 
heights docs not seem to be quite sound. The relation between the two is not well 
known. Even the scale height itself in the case of these stellar convection zones 
varies from about 200 Km to about 20,000 Km. Therefore in the present investi- 
gation an attempt is made to find the scale of unstable convective zone for a com- 
pressible inviscid atmosphere in which the density and the scale of height varies 
appreciably and in which the energy carried by the radiation is also taken into 
account. 


BASIC EaCATIONS AND APPROXIMATIONS 
For conservation of momentum we have : 
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It may lie noted here that the positive direction of the 2-axis is taken down- 
wards towards the centre of the star and origin at the surface of the star. Thus the 
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positive diredtion of w, outward radial component oi’ the vrlorny ii: towards tUe 
negative z axis. 

Conservation of mass gives 
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Conversation of energy leads to 
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where F is the radiative fliiK and other symbdes have their usual meatimg* F is 
given by the following t elatioru 
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3 ' y> 




In actual case it is ibis expression for radiative lltix which lunkcs the inoblcin mtKst 
complicated is the actual expression for which itsedf is quite cuin|)UcalrtI h talirn 
in this equation. However, to avoid the tnathrmatical eoinpUcarious ifir prolrm h 
solved in a crude approximation by assuming that tlic total coutiutious absorption per 
unit volume is proportional to the cube of temperatauT. Hui asstuo|Uioti impliri 
that the radiative flux is proportional to the iemprrature gratiirnt. With this 
simplifying assumption when we substituc (4) in (3) we get 
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The last equation holds only under the condition that heat tjjiusfrr ii hy racHation 
and convection alone. Heat exchanges by conduction arc negligible. This assump- 
tion is quite justified for any gaseous material which is not degenerate. In particular 
so far as stellar atmosphere is concerned the domitiating conveyance for carrying 
the flux w radiation in general and convection becomes important contributor in 
some special circumstances. 


To get the distribution of the physical variables we can still simplify the 
problem by assuming a plane parallel atmosphere. '1 his assumption can be justified 
for the particular eases where the thickness of an stellar atmosphctc is so srtiall in 
comparlision with the stellar radius that we can neglect the curvature changes for 
the whole extent of the atomsphcrc. In such eases we cau also take the acceleration 
due to gravity as constant and it is certainly directed towards the centre of the star 
that is in the positive direction of our z axis. 
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EQUILIBRIUM STATE 
The equations of th%.^oth order are 


0 «_ 
'dt " 

0 £_ 
di “ 
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dt '' 


0 

dx 

9/’o 


dy 


= 0 


“ g Po + 


dpo ^ 
dz 


?!Io 

oZ^ 


= 0 


( 6 ) 


Here we have taken that initially the atmosphere is in hydrostatic equilibrium at 
rest. If this atmosphere obeys the following poly tropic law for density and pressure 
relation 

r 

Po Po — . (7) 


we get the equilibrium values from the solutions of the equations (6) in the 
following form : 


1 

po = A ^ r - 1 


(8) 


To 


r ^-1 

F" 





In deriving these values in equations (8) wc have used the general equation of 
state 


_Po _ k 

Pq i 0 /‘'‘H 


where P is the mean molecular weight, /c is the Boltzmann constant, H is the weight 
in grams of hydrogen alone or to be more accurate it is the atomic weight unit 
expressed in grams. A is constant, g is the acceleration due to stellar gravity. 

Now we assume a small perturbations imposed on these equilibrium state 
values and derive the equations which govern the perturbations. We denote the 
difference between a quantity in perturbed state and its value in equilibrium state 
by the symbol with a subscript 1. Thus we substitute in the equations of the 
problem the values 


p po + px, P = pQ + Pi> T == Tq + Ti 

U = Hq -f V Vq -f Vx, w ^ Wq + Wi 

and make use of the equilibrium state equations (6). If we assume the quantities 
pp P%> T^j Vp and Wx to be small of the first order and neglect the terms of the 

I 111 ] 



second and higher orders, we arrive at the followiii;!; pertiirliatioa eqintioiH 


()"« 


dlh 
' (IV 


dt “ 


jV. 

dy 

/>, 

i!«w 


ap. 


04 + i ( )■'■ dj ( ■•■ 

4^1 -j. '^/^o a/>i I nV*o <'/*!! 1 

‘Oi ' /’« ■ at L pc' J ' 


+(y-i)K[' 












("i 

(HI) 

(in 

(i‘.’) 


I Hi ) 


CHAHAtl riiUlSIK : E(,tl fAl'K )iM'i 


To get the solution of this system of dillVrctui.a ('tiit.uiixis wr sithslitiKMlir 
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BOUNDARY CONDITIONS 

Following boundary conditions are required to be satisfied by the solutions of these 
equations. 

PoU'i = 0 at the surface r=0 


and also l\^Wi = 0 at the bottom r=r, 


0 — '^0 


.(20j 


First of these conditions is satisfied by requiring the kinetic energy to be finite at 
the surface. These two boundary conditions are not enough to specify the problem. 
Thus we arc still left with two degrees of freedom to be specified later. 

ESTIMATION OF CONSTANT ‘C’ 

To obtain an estimation of the constant C following procedure is .adopted. 

From equation (4) we have 
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substituting this in equation (19) wc get 
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In arriving at the last expression wc have replaced a by ^ and the value of 
-^is taken from the equilibrium values. The constant A is obtained from the 
following equation in terms of the equilibrium values. 


log A = log /o + 
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log 
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+ log g + j-r— log ( 


MH-v 

k )~ 


r _ 1 i°s 1^0 
... (23) 

20 

The value r = was chosen following Skumanich (1955). In his investigation 

the energy changes by processes other than convection were neglected. For the 
purpose of equation (23) the vsilues of and T^ were taken from the model 
atmosphere by Swihart (1956). For this estimation his second and sixth models 
were used taking the values of and T^ at certain representative points at the 
optical depth 2. 

From the observations of granules on the photosphere of the sun some estimate 
yvas made for the horizontal half wave length. Using all this information one cqn 
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get some reasonable estimate of the value ol couHtaut m 0 OJ tor 7 

These values of f =* j J and 7 5/3 f'lvr e, thr mrasinr of the .Irgrrc ol 
instability, as follows : 
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vSTARTlNG VALUHS 

It may be noted that the cocfl'icicnis of the diiferetuial fqmuioiis nrr not rrgiilar at 
the surface r 0. Therefore the actual itur|,p‘atiou has to lie sUirtrti frooi a suit- 
able but very small value of r. F(u‘ these staUiug values of^ the \uiuahWs Inilowiug 
series in terms of the powets of r for and similar series fot imd were 

substituted* 
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where 


1 

r«- 1 


S r,- f 


We have noted before that the boundary coiKUtious of the proldeui can only 
^alute two out of four arbitrary constants of Integration in the general ?irdutiom 
The other two are at our disposal and can be chosen arbitrarily to stiite tmr numerical 
facilities. Actually two integrations arc performed uunierically one witli ihn “ d and 
the other with Tq^ ^ 0. These solutions, hereafter in thb text, are called i* - solu- 
tion and T - solution resptxtively. For these two integrations the. starting values 
were obtained from the following series at the point r ^ 0*01 
For T - solution 
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tor P — Solution 
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IN'lIUi RATION 

With these starting valuc.s the equations can Ik- intrf'iateil ntmin ically -itri) hy 
step. The general solution is given hy 

T~sohiti<)n-t-B X P- -solution 


where B is an arbitrary constant. 'I’liis constant was oht.iined iVoin the coinlitiou 
that at the lower boundary wc have 


w’ 


B w* 

1 * 


and also 


'I'* ■+ B T* = 

T I' 


(,T.O 


That is, the two integrations were 
*lr* 

P/ 


tr, 


/ Wn and Tt 


J 

tei'iniuated at the point wlieic the two ratios 
where equal. In general one can follow any one of the 


'T r? 

following two ways. Either one can specify the depth of the zone of perturbation 
fo and by trial and error hunt for the eigen value of ^ whicli will specify the hori- 
zontal wave length or one can specify ^ and wheiwer ’ ■ ■ 


tht 


(32) arc 
„ which m related tc 


satisfied the integrations are terminated.^ Thus the value of r„ wnicn 
the depth of the disturbed zone is obtained by a single integration alonr. 

For the present work the latter procedure was adopted. The mtmerh-il inir- 
grations was performed^y hand with the help of desk calculaier 


v«<ujlmuLU51UN 


For the present integration is taken as 0- 
depth of the unstable zone is Wt twke i 
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It is iounti that the vertical 
horigonial wave length. In 



flayieigh's study of incompressibk homogenous atmosphere the eigen value for tlie 
fundamental mode, which is most unstable, is given by the relation 


n’* Zq 
g 




(33) 


where n is the ^folding frequency, Zq is the depth of unstable zone, ki is the hori- 
zontal wave number* Following Skumanich, the coefficient a can be trans- 
fered in terms of the present variables by comparing the system of perturbation 
equations and it can be evaluated using average temperature of polytropic atmos- 
phere taking | the representative value of z and present values of 7 and F. 

T^Z 

Therefore we can calculate knowing Zq =^ 0 * integration it is 

found that 

= 0-34 and ro == 13*3 
g 


On comparing this result with the rate of instability of the fundamental mode for 
the polytropic atmosphere of Skumanich and honogeneous atmosphere of Rayleigh 
it is found that the clFcct of inclusion of radiative energy transport is to move the 
corresponding point from the Skumanich’s curve towards the Rayleigh’s curve. 
This result should be treated with certain reservati on because of the very approxi- 
mate nature of the present work. Probably the tendency is correct. More and 
accurate integrations arc necessary to decide this point. Definite improvements arc 
necessary in terms of the opacity formula which is treated in the present work with 
wild approximation. 


The author wishes to express his gratitude to Dr. M. Schwarzschild for sugges- 
ting this problem and many valuable discussions in the initial stage of the problem* 
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MATERIAL ON THE GELLING TIMI': Ol^' S( )ME SUGGINA I’i'; ( JIG.S : PAR1’ I 


S. K. DOSE wul S. l>. MUHllRAN 

Clmnkal Laboratories^ Unmrnty of Allakakui 
[ Received on ?ril JmK% 19G() ] 


ABS'rRACr 

The equation \lh"t + lie ^ ronstani, where r / arc the cot}* ccarition the Huhniant'C 
undergoing gelation and the gellini lirnc, rcspcdivcly, an I A ia a h vi ItraMcif'nl during 

the forrnati m of alurninium anti ferric snednate gck M.c-hanvann' gd furm.tnuu ,i<i irvr,\\M by thn 
above investigations iias been dlscunsc I 


Several cmpcncal r..a;uimiK (I,'.!, ;>,) have hnn. i4.uv,l ht lu»*raitit • . .mrl.tiinv 
the gelling umeaiidlho concent rat iniHil' ilie gelaliiimwni. In.. It iial... t.-puiirtl l.y 
several workers that gelation tuul wutptlatinit an^ chru-ly ini.n tvlan-.l f l. Tiiai the 

fall in electiic charge to a ciltical value in .stillieiiait lor as'i'luttietattoit (4 ttai tielei 
for coagulation, as observed by Ihtwis ;.hi in also true h,r g.-lailoi,. Tit- hvlraiton .ti- 
the colloidal surface leads to Stillicient st.ihility o! the colloidal t.aiii. 1-: I. a atrir the 
aggregation linkage across the layer of the Hiinid nwdimn is iten>v.aiilv weak ((,). 
Coalescence therefore would cither require the removal of tlw adiotl.nl l .vm ol ihe 
solvent on the colloid surface or aggregeuioi, .tcenrsat suois.tn tin- .aula,-.* which is (tf 
least lyophihc nature. If the tire.i of this region is lann-. . omi.a. t au -treation 
occurs apmall number ol spots wliittli will, ihemlhre, b.- snllici.mitv loos- and' itiav 
lead to the formation of a network structure which according to l-V.mndh. h ,7) is a 
typical featured, gel forraauoii._ With tbese ideas i,, view ( fboih ami av.odalr. (H) 
in a recent communication dcriv si a coneeiuratiomtim r.-latiitii for g.-laiion froin 
the well known Smoluchowskvs equation for coaguUtion ofsols. Tl. • i-d viion is ; 


l/At*/ -f- Ijc ■■■■: const, 


.(I) 


tTm/VnH the reacting .stibstances yiddin,. tin- gd, , tin- g,dU„,. 

tme and k is given by 47rM. H being the dillhsu.n ernuta u ati. /din- .list. im^ 
between the two particles at which a lasting contact is m.ide. 

In this paper, we are record! tiff our cxnerim-iital r.-adt.' .vi.l, r....,;,. . t.i.- 
mum succinate gels in support of the eqtiation derived by Gh.iih an I i.irdm- Thl" 

plsinvKtigatedare new in literature and have li.vn m-i us d ,i . ' , 

for the first time (9,10), “ in..paie.I m th.-se lab ,ra tones 


aSr If ^theS- "“T ‘'7 

either a gelatinous prec'ipi°ate°7'^ K wlie're 

experiments it has been noted thne n H-parato otiu hi indimiiiary 
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Equal volumes of solutions of the chloride of iron or aluminium and of so dium 
succinate of suitable concentrations are taken in gradually decreasing quantities to 
produce diflFerent amounts of metal succinates in the system. As the amount of 
sodium chloride produced by the interaction will decrease with the decreasing quanti- 
ties of the chloride and sodium succinate, calculated amount of this salt is introduced 
in the mixtures. The gelling time is noted at 32 db by the method described 

by Bose and Mushran (11). 

In Tables ] to 7 are presented our results on the gelation of ferric and aluminium 
succinate by metathetical processes. In column 1 is indicated the amounts of the 
chlorides of iron or aluminium and of sodium succinate of known strengths in 
gradually decreasing quantities to produce different amounts of metal succinate and 
in column 2 is indicated the amount of sodium chloride introduced in such mixtures. 
In the last two columns are recorded the values of 1/c and IjiH where c and t have 
their usual meanings. 


TABLE i 

Total Volumes lOvl ml. 


3N/5 FcCla and 

0"34 N Sod. Succinate 
(equal amount each) 

0-54 N NaGl 

Gelling time 

lie 

1/e^^ 

1-0 

0-0 

4-5 

1-000 

0-222 

0-8 

0'2 

5-0 

1-250 

0'313 

06 

0-1 

5-75 

1-667 

0-434 

0-4 

0-6 

7-5 

2-500 

0-767 

(ml) 

(ml) 

(mins) 





TABLE 2 




Total Volume = 10*0 ml. 



3N/10 FeClg and 
0*51 N Sod. Succinate 

0*51 NNaCl 

Gelling time 

l/c 

1/r/ 

(equal amount each) 



1-0 

0-0 

6*25 

1-000 

0-160 

0-8 

O' 2 

9-0 

1-250 

0-173 

0-6' 

0’4 

13-0 

1-667 

0-214 

0-4 

0-6 

21-0 

2-500 

0-298 

(ml) 

(ml) 

(mins) 
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'I’AM-K 3 

Total Vol'iHKi lO'Oml. 


3N/5 Fed, and 

0'48 N Sod. Succinate 
(equal amount each) 

0*48 N NaCl 

(f(dlii>g time 

1/c 

l/A 

1*0 

O-O 

11 -f) 

Id), If) 

()*t)tr/ 

0'8 

0-2 

M-r> 

l-TiO 

O'! Oil 

0'6 

0-4 

21-0 

l-«(i7 

()-i:i2 

0-4 

(ml) 

Of) 

(ml) 

30-n 

(initiS) 

2‘.3()() 

0209 

# 

rmiM 4 

dViial VulutiH' :• !}‘0 ml, 



3N|5 AlGly and 

0‘54 N Sod. Succinate 
(equal amount each) 

0-54 N NaCll 

(hdhnn; tim> 

\;t: 

I fih 

3-0 

l.-o 

ri) 


((>()! a9 

2-5 

()-.5 

H*r> 

ll-liK) 

0-UU!!t 

2’0 

1-0 

lOf 

t) : .ll<) 

O’O'.lOO 

1-5 

(ml) 

If 

(ml) 

I'HI 

(mill;;) 


ott:u7 

TABl.l’; n 

Total Vulumo fhl) ml. 

3N/5 Aid, and 
0*555N Sod. Succinate 
(equal amount each) 

0-555N NaCl 

Gelling time 

l/c 


3-0 

0-0 

4-0 

O'Ti:) 

0'027n 

2-5 

0*5 

4-5 

()'4()() 

O-OOfiO 

2-0 

1 

1-0 

5-5 

o-noo 

O'Ol.'jd 

1-5 

(ml) 

If 

(ml) 

7-0 

(mina) 


0'()G:S4 
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I’ABLE 6 


Total Volume =9*0 ml. 


3N/5 AlGla and 
0*525N Sod. Succinate 
(equal amount each) 

C-525N NaCl 

Gelling time 


llcH 

3-0 

0-0 

8-5 

0-333 

0-0131 

2-5 

0*5 

11-25 

0-400 

0-0142 

2-0 

1-0 

16-0 

0-500 

0-0156 

1-5 

1-5 

25-0 

0-666 

0-0178 

(ml) 

(Im) 

(mins) 





TA13LE 7 




Total Volume =9*0 mb 



3N/5 AIGI 3 and 





0*5 IN Sod. Succinate 

0-5 IN NaCl 

Gelling time 

1/^ 

]jcH 

(equal amount each) 



3-0 

0-0 

25-0 

'o^sT" 

0-0044 

2 5 

0-5 

35-0 

0-400 

0-00459 

2’0 

1-0 

45-0 

0-500 

0-00555 

1-5 

1*5 

65-0 

0-666 

0-00684 

(ml) 

(ml) 

(mins) 




The values of 1 /c and ]lc^t are plotted in jSg, 1 and 2, It is seen that straight 
lines arc obtained, establishing the validity of equation ( 1 ), both in the case of ferric 
succinate and aluminium succinate gels. 



Fig, 2. yersus / 
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It is shown in Part II of this series, (hat, freshly prreiim.iietl friiir sin rinate run 
be easily peptiscd by succinic acid and a cdear sul ul fenie suci-iiwtr ran tiirrehy lie 
obtained. This sol is sensitive to elecirolyies and yn-his uauspatent grh, Kruin 
the experimental data presented in Part 11 tables H atn! ‘t are traninlrd (i.r tin; 
gelling time of sols of dilFercnt conceutratiiats with the same .tmuimi of rlreirolytc, 
both sodium chloride and potassium .sulpluile. 


TAIM.I''. a 


N NaCl 
(ml) 

1/r = 0'200 

Vah«‘s of Ije’t ha 

1/i r: U-:i7i) 

l/« - D-hOO 

Sol A : 




0-4 

o-oo:ii 2 

0-01 082 

iHYitm 

0'3 

()-oo 2 oa 

O-OOli/d 

I) -01 888 

0‘2 

O'OOO!!!) 


It i!()7 ,1! 

SolB: 




0-4 

0-00280 

O-OOalit; 

0 1)1 186 

Sol C ; 




0-8 

0 ooii'ld 


(I'tllHM) 

0-6 

o-o()2r)() 

O-OO'iOU 

d'tlddfb! 

This table is compiled from taiiles 11 of ihi.n ^ uotnl hrrr in 

the volume of the sols, viz.^ 4 nd, of sol A, 4 ml of not A/ 1*5 f • mb of \)^ ml 

of sol A/2 (= 2*0 ml of A), corresponds to 1/^ as iHVMK iKVfh and If.'dHi rri|rriive!y. 

% 

d'ABIaK 1) 


(Ni40 K,,SOi mb 
(ml) 


Villucs I lf l/e’T fur 


1/r = 0-250 

i/r :-.’ 0-875 

\jc e U-r,()U 

Sol B : 




0-80 

0-00168 

o-ooa?!) 

0-02080 

SolC: 




0-70 

0-00137 

0-00136 

o-o:ii25 

0-65 

0-00735 

0-00740 

0-011)20 


This table is compiled from tables 4 and 6 of Part 11 of this scries 
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The results prcsenterl in tlie above tables are plotted in 
that the plots of 1 /« and 1 /e*i arc straight lines, establishing the 


figs. 3 and 4. It is seeiv 
validity of equation (1). 



DiSCUSStON 

The formation of succinate ffcls hv . r i- . 

chloride of cither iron or aluminium mav ha nivV i succinate and the 

nate is Ln-aduallv -ulrl/.,! a he pictured as follows : As sodium succi- 

succinatc which first appears In ' colloidir stam ne of ferric 

chloride present. The cmlloida inrS; ar^ metal 

the orelerrential arlsnrtiHnn , ^ Y® charged with positive electricity due to 

SS bv Sc nl- Of the hydroiiium ions 

1 11 y ' J ^ metal salt. The charcfcs on the oarticles will 

gradually decrease due to the removal of rh^ ™ on me particles win 

addition of the sodium succinate In IhismanSer ?hT 

particles is suitably controlled and gels are obmiSed. ’^'^stability of the colloidal 

concemradonroTdIc inLh,S'°ln'^ hydrated for the different 

concentrations ot the insoluble succinates and also carry the same amount of electric 

charge due to the presence of the same amount of electrolyte in Se sol, geladon 

occurs as soon as the colloidal particles are attracted and fall in the pocket of least 

equation for (rngulation givos us ,l,c SionCl” drfS by Oho,h”(i“'«°rSj 

In view of the above it is evident that gelation is something like coagulation 

mbs a^J’wmk I 'Jlin'l'm dm 'rP ^^Sregation forces of the colloidal 

units arc weak leading to the development of a loose structure embodying large 

quantities of the solvent, the structural elements being so labile as to be casilv^dcstroved 
by shaking and repairing themselves when left undisturbed ^ acsiroycd 
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THE INFLUENCE OT THE CONCENTRATION OF THE GELATING 
MATERIAL ON THE GELLING TIME OF SOME SUCCINATE GELS : PART II 


- By 

S. K. BOSE and S. P. MUSHRAN 
Chemical Laboratories^ University of Allahabad 
[Received on 3rd June, 1960] 


ABSIRACr 

Gelation of ferric succinate sols at different concentrations and purity by univalent and bivalent 
electrolytes has been investigated. The results obtained have been discussed from the point of view of 
Burton rule for the coagulation of sols. It is observed that the rule is applicable to impure samples of 
the sol. For pure sols, however, the ordinary relation, viz.^ the greater the concentration of the sol the 
greater is the gelling time, is valid. It is further observed that divergence from the rule is also notided 
for highly diluted sols with bivalent snip hate gelating ions. It is emphasised that coagulation and 
gelation arc similar processes. 

The coagulation of various sols by electrolytes is of great interest in colloidal 
studies. Some such sols arc recognised for their dual role and possess both lyophobic 
and lyophilic chai'acteristics. They can be easily coagulated and under suitable 
conditions yield gels. In coagiihuiou, however, the precipitation values for dilFcrent 
concentrations of the sols have been investig;Uecl by several workers. Thus, Burton 
and Bishop (1) formulated a rule which states tiiat with the decrease in the concentra- 
tion of the colloid the flocculation value increases with univalent ions, remains the 
same with bivalent ions and varies directly with the concentration of the colloid with 
trivalcnt ions. Mukherjee (2), Oden (3), Ghosh and Dhar (4) observed that the 
flocculation values depend upon the degree of dilution of the sols. Tuller and Fulmer 
(5) working with emulsions of aniline in water showed that concentrated emulsions 
arc less stable towards all kinds of electrolytes than arc dilute emulsions. Exceptions 
to the Burton’s rule are thus known. 

In this paper we are recording our observations on the gelation of ferric 
succinate sols. The gels have been prepared by the coagulation of ferric succinate 
sols by univalent and bivalent electrolytes. The influence of the concentrations of the 
sols on the gelling time has been investigated and the results have been discussed from 
the point of view of the applicability of the Burton’s rule. 


EXPERIMENTAL 

The positively charged sol of ferric succinate is prepared by the method describ- 
ed by Bose and Mushran (6)* Ferric succinate is first precipitated by the addition of 
an excess of sodium succinate solution to a ferric chloride solution. The fresh preci- 
pitate is thoroughly washed in a Buchner funnel till the washwater is free from 
chloride and succinate ions as tested with silver nitrate. The washing is completed 
within a day to avoid the ageing of the precipitate. The precipitate is shakim with 
different quantities of succinic acid and the peptisation is complete wiiiiin a lew hours. 
Transparent wine red sols of ferric succinate arc thereby obtaiiuid. Tlu^ sols are 
easily coagulated with electrolytes and under suitable conditions give transparent and 
stable gels. 
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four samples of the ferric succinate sols ntv: i)iTii.nril usin^; .liffncnt am unus 
of succinic acid. The iron content in each satnph; is kc'iu the .‘.amr, I',a« h It.ul 

the following composition : 

Total volume - 750 ml. 

Total Fc +-H cojiteni =- 0 0 IT/:! kui. 

Sol M/'2 Succinic .\ciil 

A lOO'Oanl. 

B 1 50‘0 ml. 

G 200-0 ml, 

D 250-0 ml. 

These are then diluted 1-5 and 2 times and ihtw the sols, A, A/1 -.5 and A/2 .ire 
obtained. They are preserved at a low temperature, in order to avoid ilic .tfreiny 
of the sols, which greatly affects their stability. The gelliiijr lime.s arr drirriniuni 
accurately by the ‘gel indicator’ at 32-j:0-loG. The decirolytes u.serl iVti- grl.iiion were 
sodium chloride and potassium sulphate solutions of suitalile fonrcntr.itioii. The 
results obtained are presented in tables 1 to 0. 

TAUI.H I 


Gelling time ltd' : 

.Sol (A, A/1'5. A/2) rs 4-0 ml. 
Total Volume 5-0 ml, 


NNaCl 

A 

A/l'.5 

'•V'l 

0-4 

20-0 

13'0 

1 ’.I'fi 

0-3 

30-0 

21-0 

IH-Il 

0-2 

70-0 

40'0 

d.'i'O 

O-I 

(ml) 

loose gel 
(mins) 

fifrO 

(mins) 

(tuiiud 


table 2 




Gelling time Cot 

■ : 



Sol (A, A/1'5, A/2)=: 

4*0 ml. 



Total Volume «S"0 ml 


• N/40K,S04 

A 

A/1'.5 

A/2 

0-80 ■ 

0-75 

Loose gel 

lO'O 

Iiiuuaiiulr 

0-70 

9i 

14'U 

II* Cl 

; 0-65 


2.3'0 

i(H) 

H) 

(wins) 

42'0 

(mins) 

I4i) 

(minu) 
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TABLE 3 


Gelling time for ; 

Sol (B, B/1-5, B/2)=: 4-0 ml. 
Total Volume=;5'0 ml. 


NNaCl 

B 

B/l-5 

B/2 

0-7 

0-6 

0-5 

0-4 

(ml) 

13-0 

16-0 

25-0 

(mins) 

12-5 

15-0 

19- 0 

20- 0 
(mins) 

11-5 

14-5 

17-5 

22-0 

(mins) 


TABLE 4 




Gelling time for : 



Sol (B, B/1-5, B/2).: 

= 4*0 ml. 



Total Volumes 

5*0 ml. 


N/40 KjSO. 

B 

B/l-5 

B/2 

0-85 

25-0 

12-0 

Immediate 

0-80 

37-0 

16-0 

14-5 

0-75 

51-0 

25-0 

16-0 

0-70 

loose gel 

34-0 

19’0 

(ml) 

(mins) 

(mins) 

(mins) 


TABLE 5 




Gelling time for : 



Sol (C, G/1-5, G/2) = 

4*0 ml 



Total Volume 

5-0 ml. 


N NaOl 

G 

G/1-5 

G/2 

0-9 

Immediate 

14-0 

15-5 

0-8 

9-0 

160 

18-0 

0-7 

16-0 

20-0 

23-0 

0-6 

25-0 

28-0 

29-0 

(ml) 

(mins) 

^ (mins) 

(mins) 
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’rABi-ii (i 

Gelling limi' Ini’ : 


Sol(G,C/l’r>,C/2) - -I’U mi. 
Total Volume = 5-0 ml. 


.N/40 KjSO, 
r- 

0-70 

0-65 

0-60 

0-55 

(ml) 

G 

45-0 

85-0 

loose gel 

(mins) 

G/l’-l 

lOf) 

19’0 

45-0 

70’0 

(rniiuH) 

!:it) 

23*0 

42*0 

(min:t) 


TABLE 7 




Gelling time H't' • 



Sol(D.Dil-5, X)/2) = 

4’0 ml 



Total Volume = 

fi-o ml. 


NaCl* 

D 

D/l-f) 

D/.l 

1-0 

13-0 

i)i) 

i:io 

0-9 

21-0 

13*0 

1741 

08 

31-0 

20-0 

244) 

0-7 

47-0 

300 


(ml) 

(mins) 

(rnim) 

(miiiJi) 


TABLE B 




Gelling time for : 



Sol'(D, D/l*r), D/2)=.:=4-0 ml 



Total Volumes 

r>'0 ml 


N/40 K,SOi 

D 

Dj i-r> 

I )/:i 

0’90 

60’0 

l/VO 

Itnmrdiatr 

0’85 

95-0 

21-0 


0 80 

loose gel 

;iO*o 

!:i2) 

O’ 75 

'59 

55-0 

20*0 

(ml) ■ 

, (mins) 

(mins) 

(miu.i) 


*§ols D/1-5 and D/2 required 1-5 N NaCl for gelation whereas D required N NaCi, 
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DISCUSSION 


From the results presented in the above table it is interesting to note that for 
the gelation of ferric succinate sols Burton’s rule appears to be applicable when the 
sols contain large amount of succinic acid. When, however, the amount of the 
stabilising agent present is less, the diluted sol requires lesser quantity of sodium chloride 
to bring about the gelation in the same time. Ghosh and Dhar (loc, cit) investigating 
the effect of dilution on the precipitation values by different electrolytes for over 
twenty different sols, arrived at the conclusion that the Burton’s rule is applicable to 
some sols, whilst the ordinary relation that greater the concentration of the sol the 
greater is the precipitation value is true for several sols as those of hydrous oxides of 
iron^ aluminium and chromium. Wannow and collaborators (8) report that Burton’s 
rule is applicable for these hydrous oxide sols specially for sufficiently dilute ones. 
Sorum (9) observed that the effect of dilution on the stability of hydrous ferric oxide 
towards electrolytes is affected by its purity. In the gelation of ferric succinate sols 
investigated by us the stability is greatly reduced by employing lesser quantities of the 
peptising agent i.e, succinic acid and in such sols A and B, which are relatively 
purer the monovalent ions show a behaviour similar to bivalent gelating ions (Tables 
1 to 4 ). In less pure sols viz* G and D however, L e. sols containing larger amounts of 
succinic acid it is highly probable that the stability of dilute sols specially towords 
monovalent gelating ions (Tables 5 and 7 ) is due to the lesser probability of contact 
between the charged colloidal particles and the gelating ions. 

It is ol interest to mention here that the divergence from the Burton’s rule is 
also noticed for bivalent sulphate ions in case of highly diluted ferric succinate sols. 
Though the exact gelling time could not be recorded to support this ftet due to the 
loose setting of the gel, but the cfl'cct of dilution was clearly perceptible by the slow 
movement of the drop of the *gel indicator’ in the gelating material This observation 
of ounyis similar to that of Wannow (fo<;. cU)* Our results therefore on the gelation 
of ferric succinate sols arc similar to the observations found inriitcrature on coagulation 
of several sols and provides verification of the fact that coagulation and gelation arc 
similar proccssess. 
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STUDY OF COLOUR AND CONSTITUTION OF TIIR DYRS onTAIN'i':!) 
FROM SUCCINIC ACID AND SUBSTITUriil) SUCCINIC ACIDS 

Part II. Dyes from Phenylsuccink acid 


By 

S, I', TANDON «/J. S, (III Al II IAN 
Department of Chemistry, Unioersity of Alhihahtid, Allahalnii! 

[Receive:.! ou Uth April, I9(){)j 

ABSTRAOr 

Tfaefollowing dyes have been prepared from phenylsuccinie jicid, ilicir properties studied atid *Ahi>n- 
ption maxima n?.easured ; — 

^ Phenol phen>lsuccinein, resorcitK)l phcnylsucducio, phenyl fiuudnybwiii^ phloroglin inol ulmwl 
succmein, quinol phenyl succmeim * ^ 


_ In the first paper of this series* we hud descril)ed the prepuruiion uml study uf 
succineins. In this second paper the experimental work relating to the njrparati<m 
and study of phenylsuccineins is given* 

acid was prepared by the method de-scrihed itt Organic 
Synthesis (Vol VII, page 20 and vol. VIII, page 8«.) 

P/unol Jihetiyhuamin 
II o „ I )i I 

I 11 11 1 

^/\/\/^ 

c 

/\ 

11„C o 

'I.. I, 

GjHf, — CH ~ CO 

“‘"'mu f ^ f (excess) of phenol wms 

S .f ^ ^ concentrated sulphuric 

S 11?12o“g “'t! continued for 12 hours at a tempiaturc 

100 c r .f ‘ About 

phenol Th. r Tt to steam distillation to remove excess of 

washSd JeU was finally powdered and 

(271 ..niiifr, ^ water under suction. It was then extracted with a very dilute 
(2%) solution of sodium hydroxide and filtered. From the deep p nk alkS: 


im 
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liourt The ^ mixture was filtered while hot and the residue washed twice with 
100 c.c. portions of absolute alcohol. The filtrate and the washings after collecting 
in a beaker were evaporated to one-third of its volume on a steam bath. The 
concentrated alcoholic solution after cooling was treated with cold distilled water 
with constant stirring and the volume raised to about five and a half time. It was 
filtered again from some sticky substance and the turbid filtrate was again 
evaporated over a steam bath till the volume was reduced to one-eighth of its 
original volume. A pinch of A.R, sodium chloride was then added and the whole 
mixture after stirring well was kept overnight when the dye separated out in the 
form of a light brown powder. This was filtered, collected and dried in an oven 
at lOO^G. 


Properties —The dye is light brown in colour. It dissolves in alcohol giving an 
yellow solution which turns pink on addition of a drop of alkali. With alkali it 
gives a light red colour. The freshly prepared dye, however, gives pink colour 
with alkali. It melts at 142® G and absorbs at 5400 X. 


Found : G=75*8%, H=5‘5i%, the formula 
C == 76*30%, H = 5*20,1. ^ 


GaaHigO^ requires 


Resorcinol Phmyhuccinein (Phenyl Succinylfluoresccin 


O 

HO 

(! 

/\ 

HaC O 

I ( 

G,iH5-GH go 

Preparation:— An intimate uiixture of 20 gms. of the acid and 34 gms. of 
resorcinol was heated in a conical flask to a temperature of 140°G in an oil bath. 
When the mass melted a few drops (10-12) of concentrated sulphuric acid were 
added and the whole mass stirred well with a glass rod. When the vigorous 
reaction had subsided the temperature was raised to 160°G and kept there for four 
hours during which time the contents of the flask had almost become solid. After 
cooling, the condensed mass was finally powdered, extracted with a dilute 3% 
solution of sodium hydroxide and filtered. From the deep red alkaline filtrate the 
dye was precipitated by the gradual addition of dilute hydrochloric acid with 
constant stirring, avoiding a temporary local excess of the acid which causes the 
precipitate to ball together. It was filtered, washed well with water and dried in 
an oven at llfiOG. 

The brown amorphous dye was boiled with alcohol. A major portion of the 
dye dissolved, leaving an orange coloured residue. Thus, it appears that the dye 
consists of two components, one is alcohol soluble and the other is alcohol insoluble.* 


McRae John Alexander 

iroint of 249 °C ^ ‘ obtained by them is orange in colour and has a melting 


I 131 1 



from tlic alcoholic solution, the djrc was precipxtatcil hy the gr.ulual adiUtinn 
of ice cold distilled water with constant stirring. .Dat ing ibis itr.Hvs;) (mit was taken 
that the temperature did not rise appreciably as it trsnlu d in t lir- iMi ni.ni.ui of a 
gummy mass, which had to be dissolved again Ity the additiun <4 fK'sii aleoliol 
and the whole process repeated again. It Wits filtered and dtied in an ovm. Tlu-. 
dye, when crystallised thrice with alcohol, gave .a, ptitc Innwn ainntplums 
powder which was filtered off under suction and dried in an oven at I lO'd 

Properties It is a dark brown suitorphoitu pnwtler. It xlissulvrfi in alcohol 
giving an yellow solution with a light green fiiiorcsc.cmr. ^ With aiiurnns fuidium 
hydroxide it gives a red solution which on dilution shows int< ii.a- yjcrti Ihiorcscencc, 
comparable with the other fluorescences under similar eireunisi.uiec.'i. It nndt.s at 
200°G, Its neutral solution has absorption inaxinuim :it •tdii!! X and the alcoholic 
solution containing a drop of alkali at 4900 X. 


Analysis-. — Found; G= 73'6,^, H £= 4‘5%, the formula C ;,nj„(){, rrqntrrs 
0 = 73'33/o, H = 4-4%. 

Acetylation of Resorcinol plienyhuccinein : — O'fj gm. of the dyr, 1:» e.c. (cxitsn) <d‘ 
acetic anhydride add 2‘5l) gins, of freshly fused sodinm aeelalr wnr taken in a 50 
C.C, round bottom flask fitted with an air condenser and the r.ontru(.i u llnsrd t»vrr a 
pnd bath for four and a half hours. The contents of the !l i ds were then poured 
into a beaker, three fourths filled with water, and stirred wcli. A brown pieripitate 
settled down which was filtered oIF under suction, washad well with water and 
dried. The crude acctylatcd product when purified by erystallisalion from acetone 
gave a semi-crystalline brown compound. 


Analysis of Acetylated Resorcmlphetiylsuccmem tl 7()'17::,Jf .I’.lf) , 

the formula GjgHjoO, requires G= 70-28%, H ' - 4-50% 

On hydrolysing the acetylated product the percentage of the .icetyl groups 
present in the acetyl derivative was found to be i;}-3®/o, whicli (;oirf.sp(..niis tii two 
hydroxyl groups in the parent dye molecule. 


Caustic potash fusion of Resorcinol pknylsuceinem ■.-■■■lli-O mm. (cxci-nii) uf viimik 
potash were heated to a temperature of 275°G with a few di ups of water ..vt-r a 

sand bath in a nickel crucible and to this were added 5-0 gms. o!‘ thr dye m t>’25 
gm. portion at a time. The frothing mixture was stirred W(dl with a i-'htss rod .dter 
each addition. The heating was continued at 275-200OG fur about three ami a hnlf 

T dissolved in huge excess ofilistiUrd water and 
, !n In u ® was then acidified with dilute hydruehloric acid wlieu 

LeJJv compound was obtained. This compound when cryst.dlised from 

SomuounfZnl^ colourless compound liaving acidic i.rupcrtie.s. 'riie 

compound could not be identified owing to the paucity of tlu: ' ‘ ‘ 


SlIlr,hTTr^i^ compound was then condensed with resorcinol in tlic presmer of 

a temperature of ItiO 'G. The <lyr ihui 
obtained after purification was found to be indentical with the original dye. ^ 

tbedy?i°^?7\rang condUions l.r. hy relluxiug 

bath and even oiV a ik^ fl5 1 

uawn ana even over a naked flame, but no satisfactory result was obtiumul. 
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Bromination of Resorcinol phenylsuccinein-, 2-.4:7-.9 — Tetrabromo-resorcinol phenylsuccinein 
(Phenyl succinyleosin): • 


Br Br 

I /™\ 1 

HO 

1 II ii i: 

Br \ ^/ 

/\ 

HgC O 

G^H.-CH-CO 


OH 

Br 


2 gms. of resorcinol phenylsuccinein were dissolved in 20 c.c. of alcohol in a 
150, c.c. conical flask. The flask with its contents was cooled in an ice bath and 
2 c.c. (excess) of bromine were then added from a dropping funnel drop by drop, 
shaking the flask after each addition. When all the bromine had been added, the 
mixture was shaken well and kept overnight to ensure complete bromination. It 
was then poured into about 300 cx. of cold distilled water and stirred well. The 
red coloured brown derivative tints separated was filtered under suction and washed 
well with water in order to remove excess of bromine. The washed product was then 
dissolved in dilute caustic soda solution and filtered. The red alkaline filtrate was 
acidified by the gradual addition of dilute hydrochloric acid with constant stirring, 
which caused the precipitation of the bromo derivative as a nxi substance. The 
precipitated bromo derivative was filtered and washed well with water again. 
Finally, it was purified by crystallisation from alcohol. It was filtered under suction 
and dried in an oven at 110*C. 

The bromo derivative of resoi cinol phenylsuccinein is brick red in colour. It 
dissolves in alkali giving a dark red solution. Its solution in alcohol is also red but 
the intensity is not of the same order as in the case of alkaline solution. It softens 
at 162^ and melts at 167-168^. Its absorption maximum lies at 5100 X, 

Analysis gave the following results: Br = 47T2%, the formula G 22 Hi,^ 05 Br 4 
requires Br=47‘34%. 

The percentage of bromine shows that it is a tetrabromo derivative of resorcinol 
phenylsuccinein, 

[A tetrabromo derivative from alcohol insoluble component of resorcinol 
phenylsuccinein has been reported by Arthur Lapworth and John Alexander 
McRae^. The tetrabromo derivative obtained by them was almost colourless and 
became somewhat pink on keeping in a desiccator. It melted at 295®G.] 

The other dyes from phenylsuccinic acid were prepared in the same manner 
as resorcinol phenylsuccinein. The experimental conditions for the preparation of 
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these dyes are given beloi<? in a tabular Ibmt. The cimdcnsation in all these c.ises 
was done in the presence of two drops of concentrated sulplmric acid. 


Name of the Dye 

Temperature 

Duriiiion of 
heating 

A fdiinfi 
fmnl 

Absfirpiiim max 

Phloroglucinol 

phenylsuccinein 

180-200° 

2 Iir,s. 

;d)ove 

-ItiOU A 

Pyrogallol 

phenylsuccinein 

I 6 O-I 8 OO 

4 lus* 

Sj 

•1400 X 

Catechol 

phenylsuccinein 

170-175° 

^ hrs* 


4(iUt) X 

Quinol phenyl- 
succinein 

160-180° 

5 hrs. 


40(10 X 


Pkhroglucinpl phenylsuccincin : — > 


IK) ^/\/^\/ 


^ V/ 

( I 

on oil 


OH 


tn the above formula and in the fomiulac ocrairrin^ hutrr i,, ,1 • 

paper X represents \ ’ ‘ " 

H,G O 

— CO 


It is a brown solid. It dissolves in alcoh< 
which turns red on the addition of a drop of alkal 
gives deep red colour. 


giving a rrikli.ih yellmv $ultition 
With dilute alkitii U 


Analysis gave the following results : — 

c = 65-50%, H = 4-22%, the formula requires C r-, G5-fl2r, If 4 ()«%. 

on 


OH 


HO y^\/ 


Pyrogallol Phenylsuccinein 




OH 




which darkens further on kerpmg, 
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ovvii ami ill alkali 


i 


G 


Analysis gave the following results : — 

C}5'62‘/o, H •■= 4’31%j the formula G^aHigOy requires G = 65'82%, H = 4’08j^. 


OH 


Catechol Fhenylsuccimin 



OH 

\A 




It _ is a black solid soluble in alcohol giving a reddish brown solution 
solution in alkali is brown. 


Its 


Analysis gave the following results 

G = 74-02%, H = 4-62%, the formula CajHigOg requires G -= 73-33%, H = 444%. 

/^\/ 

Qliinol Phenyhiiccinein : — "X/X 


It is a black coloured solid and dissolves in alcohol giving a brown solminn 
Its solution in dilute caustic alkali is dark brown. 

Analysis gave the following results 

G == 73-72%, H s=:4-46%, the formula G.jHigOs requires G = 73-33%, H = 4 - 44 %. 

REFERENCES 

1. S. P, Tandvn and,]. S. Ghauhan, Proc. Nat. Acad. Sci., Sec A, 29, 21 (19"0). 

2. j.cium.soc.im.rim 


[ 135 ] 



STUDIES ON THIOARSENA'ri «8 

PARTI: PRECIPITATION OK ARSENIC PEN I’ASI jERHl I)E 


liv 

MAN HARAN NATH SRIVA«rA\'A </m/SATVl',SHWAU filK'iSll 
Chemical Laboratories, Universit f of Mfahaburl, Alltihnbttil 
[Received on 12tU Api‘11, liHid] 

ABSTRACrr 

The precipitation of arsenic pentasulpIiRle by ibcompoHing ii 5 tluo'^alt wiili uri«l Ihh \icm 
studied. It has been found that complete precipitation oeem s when Ai : NallS I : 4 , am I tim whole of 
arsenic is converted to thioarsenate. The acidity of the nuTlium also plays a vital roh% brciiter |n rci|>it^ 
ation occurs by the slow decomposition of molecular ihioarsenic acid whose disHoriitiou is l«ra to f)c 
checked by adding acid. ThcpII of the solution also vises slowly as the deconn ptocmis precaoi- 
tatingAsaSg. * ' * 

A similar rise of pll with time is also witnessed in the ease of NalI|AfiM4 and Na;.|HAi snlothufu 
It is probably due to the hydrolysis of these salts, whic.li vrsnlts itt the lihetafion td iomr Iter alkali. 

In an earlier communiciUknC IVoui this laborntiiry the renuUs uu thrstiniy of 
thioarsenite have been reported. It was concluded that with the {uugir.isivr 
addition of hydrosulphide reagent to an ai.senitc Solution, thlosyHi.sciii(d witli 
increasing number of sulphur atoms are fonmal stt'pwisr, hnally giving* ih* 
thioarsenite. On adding acid to these salts, the correspond iug tlnnaci.l's ate 
formed. With increasing acidity of the medium tin- decomposition oi* thioa».srni(ms 
acid is checked to give imdissociated thioaetd molecules, which tlretunpose 
to give a precipitate of AsgSg, lilierating II.^S. 'I'lie present paiier deals with the 
Study of thioarsenates. 


^ It has been found that the prccipitMlioufi of aisnuc neiuaHtilpiutlp hy drtN,tii« 
posing the thiosalt with HCl is complete only when four inoLi of Nulpliur i\» N iHS 

to each of arsenic atom have been added. With only one equivalents of N iH.S 
only sulphur IS precipitated and the amounts of sulphur thu.s separated, (ircrea e‘ 
with the increase m.thc atnounts of added NallS, so that finally the ueeipiutr 
obtained by the decomposition of thioar.scnate is practically free of any suli hui * 
ll lTo addition of NaHS solution tincKyarslnutcs ct. k'^ls ^ 

rjaaAsS-iO, and NajAsbaO are formed stepwise, Oually giving the thio.kscuatr 
NagAsS^. On adding acids, the corresponding thioxy uml tlnimcnd:i air fbiuit-d 

vmdissociated ihioarsenic acid nudrcr^I (^1 arc fUiinrd wtiiefi 
really decompose to give a precipitate of As^S- libcratlrui* H S 'n M 
ofthethioarsenicacidmoleLles^s, howevet* very cm bi 

heating the reaction mixture to boiling, HdT^somc HS Xc iJu t t ^ 

are slighlly lea tluin ibc 

.he decomposition ,he pH of .he »lo,i„„ al„ ,i"’ Ky"" It " .a l'“‘ ti'itl ‘“t 'u'‘ 

the gtcduel replaceoten. of the thiottmettic add with rikoj S 

EXPERIMRNTAT. 

prepared, standard?7pH°Kv’'™ Ninj^HAsO^. IHfJ (Merck quality) was 

was prepared as outlintd arsenic as As,S„ '|'he reagent NuUy 



Precipitations by varying amounts of NaHS 

A standard 0*05 M sodium arsenate solution (10 c.c.) was treated with varying 
amounts of a 01 M NaHS solution and acidified with an equal volumes of cone* 
hydrochloric acid, so that its final concentration is approximately 6 N in the mixture. 
In one set of experiments the mixtures were heated to boiling to decompose the 
thiosalt, whereas the others were left overnight. The precipitates so obtained were 
filtered through weighed sintered glass crucibles (G — 4) washed throughly with 
watei'j alcohol and carbon disulphide to dissolve out any free sulphur, dried at 100.- 
110^0 and weighed. The results are given in table 1. 

TABLE 1 


(Standard value=0*0774 g.) 


0*05 'VI arsenate 
solo, (c.c.) 

O'l M NaHS 
(c.c.) 

Cone. HGl 
(c.c.) 

AS2S5 precipitate in g. 

By slow decom- 
position 

By boiling 

10 

5 

15 

0-0012 

0-0000 

10 

10 

20 

0-0338 

0-0320 

10 

15 

25 

0-0636 

0’0632 

10 

20 

30 

0-0772 

0-0746 

10 

25 

35 

0-0770 

0-0772 

10 

30 

40 

0-0776 

II ft « 


It is /Seen that complete precipitation occurs by slow decomposition, when 
As;NaHS= 1*4 in the system. When boiled the results are slightly less, because 
some HaS escapes* With only one mol. of NaHS practically no precipitate of 
arsenic pentasulphide is obtained. Only sulphur separates, which was filtered off, 
and the filtrate was tested for arsenite iodimetrically with positive results. It 
indicates the reaction to occur as 

H3ASSO3 = H3ASO3 + S 
Precipitation by varying amounts of HCl : 

^ To test the effect of the acid concentration on the precipitation of As^Sq, the 
solutions containing the thiosalt (formed by mixing 10 c.c, 0*05 M sodium arsenate 
+ 20 c.c. of @*l M NaHS) were acidified with varying amounts of 0*1 M HGl and 
left overnight, 2 c.e. of Bacljj solution was added in each case to coagulute the 
precipitates completely. The precipitates thus obtained were filtered through 
weighed sintered glass crucibles, washed thoroughly with water, dried at 100-1 lO^G 
and weighed. The precipitates were again washed thoroughly with alcohol and 
carbon-disulphide to dissolve out free sulphur and re weighed. The weights of 
sulphur admixed with the precipitates were obtained by difference. The final pH 
value of these mixture solutions was also noted. The results arc given in table 2^ 
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TABLK 2 


Standard 0’0774 


0-1 M HCl (c.c.) 

Wt. of sulphulr. (55) 

VVt. of ?{iil|?Iitu 

• l‘t ) 

pli 

20 

0-00()() 

0 ‘It; 170 



25 

0-0112 



rrho 

26 

0-0256 

0-0012 


5-711 

27 

0-0392 

0-00 16 


.5‘7t5 

28 

0-05 IG 

O'Onid 


ft-GI 

29 

0 0632 

0*0 11 2 


r>-4il 

30 

0-0780 

0-11014 


3-2(1 

35 

0-0780 

(WK)12 


2'3H 

40 

0-077B 

0-0012 


2-2(1 


From the proportions of the add added in the mixtnre the vaiiitiis acid salts 
formed can be calculated audit will he seen that from tlie compound 
only sulphur separates. The procipitation of arsenic pentasulphide Iret'iiis wltrn all 
but one sodium have been neutralised to give NaHjjAsS^, and is completed when till 
the thiosalt has been converted into the thio-:ie.id HyAsS^ nt (i ecjnivalents ol 
HGl), It will be seen that on adding 25 c.c. or more of the jicid, the aiijuiint of the 
sulphur separated becomes considerably small. It appears that in the lirst c.»se 
some thioxy arsenate is also present, which liberates sulphur. It is natmaU because 
with increasing acidity of the medium the forinatiou of thio-arsenate is rnluuiced 
(Part II of this paper), and with the increase in alkali the process is reversed. It is 
expected, therefore, that a solution corresponding to NaaHAs.S 4 bring atiiigher pli 

may have more of the thioxy compounds, thus liberting more sulphur. ' 


Shw decomposition of thioarsenate with HCl {Rise in pH with time) 

25 c.c. of 0-05 M sodium arsenate was mixed with 50 c.c. of ()*1 M NtillH lu 
m acidified with varying amoimis 

° corresponding to form llyAsSi NailaAs.S^, and 

u f u* The total volume was raised to 200 c.c. in each case, I'hi- 

^ solutions was measured with time. 'I'he results arc given below in 
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tABLE 3 


Time (Minute) 


pH 


H^AsSi 

NaHjAsSi 

NagHAsS^ 

0 

2-38 

3-70 

6-50 

5 

2’64 

378 1 

6-50 

10 

2-70 

3-88 

» f « 

15 

2-72 

3-98 

6-52 

20 

2*76 

4-10 

... 

30 

2-78 

4-34 

6-56 

45 

278 

4-6« 

6-58 

60 

2-80 

4-90 

6-58 

75 

... 

5-0() 


90 

... 

5-18 


120 

... 

5-30 

... 

CO 

3-34 

6-12 

678 


It will be seen that the change in pH with time is most marked in the case of 
NaH^AsS^. In the case of HgAsS^, the rise can be attributed to the replacement of 
stronger thioarsenic acid by a weaker acid H2S. From a solution of NaHgAsS^ some 
precipitate of arsenic sulphide is also obtained. Thus the rise of pH may be 
ascribed to the hydrolysis of these salts liberating free alkali and forming some 
thioacid H8ASS4, which dccoxnposes slowly to give a precipitate of arsenic sulphide, 
as shown below ; — 


Na,HAsS4 + HP ^ NaH^AsS^ + NaOH 
NaHaAsS^ + H^O ^ H^AsS^ + NaOH 

slow 

2 H8ASS4 — > AsaSs + 3 H,S. 


REFERENCES 
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AMINO ACID MAKE-Ui.’Ol'' PRori'UN.S IN DOl.lClU )S UlI’l.ORltS 
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Chemistry Department, D, S. B, Gout. Cnlls^e, Naini Ta! 
[Rcccivwl on Bill July, MUiOj 


ABStaACri’ 

Water, 10% NaCl, 0*2% NaOH and B()%) alcohol have hcea uned to i*a»IiUr tirofriu u.au j h, » ; 

biflorusandOlycmesaja. Arg^mnc,Omiqlilu^I^isli(^^ Sminr. Glut, uni, A1 n .nr 

lyrosine, Methionine, Valine, Phcnylalanim; ami Leinane Iwvc h«;n t'miud tn I.e i.icir-ni in I,,,.!, il.,-- 
cereals. Glycme saja, however, contains CUyeine in additioih 


Kumaon region is very rich in wiM vug.-iati.ut luit lu. a. .anint <,1 ,u.i,l<-uu nr 
irrigation facilities and limited tuiUiviililo land die yield ul' me ds utd /.d'lee 
cultivated productsjs va-y poor. Amongst llie eereals grown in lius irgioa. mentjon 

thu/al 

'Vr* ilutt tlwsr 


cultivated products is very poor. Amt)ug.st tlu^ coivuls in^ilwn la thri ri 
may be made of Dolichos billoius (local name (Jahal) i'lnd (Jly. ine s it t 
Bhatt) which belong to the leguminosac I'amily. 'I'lie l„eal iieoiilt* heli, 
cereals are verv useful from niitridnnul rwUrit o-i. , 


I’hey are, iltereforr. vvidrly 


cereals are very useful from nutritional point oi' view, 
used and form special dishes ofevory home hero in plane of meal;, culivaiM 
plains. It was, therefore, considered worthwhile to isolate their pr.aein 
and to study their ammo acid make-np in order to from an ide;t about ‘heir „ ' i v e 

value. In this article, the authors (escribe the isolation of i.roteins and the . 

i-i-' h ; : 


EXPBRlMRNTAr. 

The most common methods, generally employed to isolate nromin I ., i 
und seedSj make use of water, neutral saline soliition 70 Hfio/ «! t i » ^ 

of ad* and altaldd No siglo ta “ i 
completely the protein matter from Dolichos biflorus and Glycim' saja. 

(a) Isolation of protein mathrfrom Dolichos biflorus and Glycine saja 
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(No. j) was shaken with 375 c.c. of 10% NaCl solution, stirred for two hours an^ 
iilteredv This second residue (No. 2) was freed from NaCl by washing with distilled 
water a number of limes and then stirred with 0*2% NaOH solution for two hours 
and finally filtered. The residue (No. 3) was freed from NaOH by washing with 
distilled water, stirred with 375 c.c, of 80% alcohol for two hours and filtered. The 
final reside (No. 4j obtained after extracting the cereal material with water, 10% 
NaCl solution^ 0*2% NaOH solution, and 80% alcohol did not give a positive test for 
nitrogen. Thus the protein matter of both the cereals is completely extracted by 
the above solvents. 


The water, 10% NaCl, 0‘2% NaOH and 80% alcohol soluble protein matter was 
dialysed separately for 4-5 days and the dialysate evaporated over water bath. 


(b) Hydrolysis of the protein matter : — 


^*^"0*5 grns of the protein laiatcrial from each extract was separately refluxed with 
20 cx. of 6N HCl for 12 hours on a sand bath. The hydrolysate was, then, taken in a 
|)orcclain dish and most of the acid was I'crnoved by evaporation over a water bath. 
Evaporation was continued, repeatedly adding distilUxi water, till the vapours did not 
give white f umes with ammonia, 'fhc last traces of acid were removed by keeping 
the hydrolysate inside a vacuum desiccator containing a small amount of solid K,OH. 
Each of the hydrolysates was then extracted with absolute alcoliol. 


(c) Characterisation oj amino acids in protein hydrolysates 

Amino acids were characterised by employing deseending paper chromatographic 
technique. 0*004 ml — 0*008 ml of protein hydrolysates and 0*002 ml of 0*1 % solutions 
of reference amino acids were clxromatographed together on Whatman filter pajxsr No. 
1 (sheets 48 x 28 erns). The paper was equilibrated with the lower layer of butanol- 
acetic acid— -water^ (4:1:5, v/v) for 24 hours. The chromatogram was developed by 
the upper layer (solvent phase) of the above mixture for 36 hours at 18 - 20%\ The 
chromatogram was taken out of the chamber, and the boundary, of the solvent front 
was marked. After drying it in the air over-night, it was developed again by the 
solvent phase till the solvent front reached the marked boimdry line. Thus the multi- 
development process was repeated 3 times in order to achieve better and distinct 
separation of amino acids. After developing and drying, the chromatogram was 
sprayed with 0*1% solution of ninhydriii in acetone. Finally it was kept in an electric 
oven at 55®C for 15 minutes, and the amino acids were located as pink spots. 

The values of amino acids used as reference ones arc recorded in table No. L 

The total number of amino acids present in the four protein fractions were also con- 
firmed by analysing chromatographically a mixture of the four hydrolysates. 

'flic amino acids present in the protein fractions isolated from Dolichos biflorus 
and Glycine sajahave Ix'en recordtxi in table No. 2 and No. 3 respectively, while tabic 
No* 4 gives the amino acids present in the mixture of the hydrolysates obtained from 
the protein fractions extracted by different solvents. 



tAfita 1 


Amino acid 


Ri v.du< 

Cystine 

... 

y-05 

Arginine 


O'Ofifi 

Lysine 

... 

t)'U7 

Ornithine 

... 

D-on 

Histidine 

... 

u*l()7 

Aspartic 

... 

0-1 1 

Serine 

... 

Odd 

Giycinc 

... 

Odd 

Glutamic 

... 

Odd 

Alanine 

... 

0-24 

Tyrosine 

... 

o*:if. 

Methionine 

#•* 

0’3‘.) 

Valine 

... 

0-4f> 

Tryptophan 


()-17 

Phenylalanine 

... 

0’!>7 

Isoleucinc 


O'ti'i 

Leucine 


t)-f»0 


TABLE 2 

Amino acids present in the protciti Iiytlrolysatrs dI' Oolicilnts billunis 


S. No. Protein fraction 

1 Soluble in water 

2 Soluble in 10% NaCl 

solution. 

3 Soluble in 0-2% NaOH 

solution. 

^ Soluble in 80/. alcohol ... 


Amino aci(J.>i itleinifie<l 


Aspartic, Glutamic, Alanine, Tyrosine 
Valirite, Phenylalanine and Ixticinc. 

Ornithine, Histidine, Serine, Glutamic, 
Alanine, 'Pyrosinc, Valine and Leucine. 

Arginine, Histidine, Serine, Glutamic;, 
Alanine, Methionine, Valine, Pheny- 
laknine and Leucine. 

Aspartic, Serine, Glutamic AkninCj, 
Tyrosine, Valine and Leucine. 
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TA0LE 3 


Amino acids present in tile protein hydrolysates of Glycine saja 


S. No. 

Protein fraction 

Amino acids identified. 

1 

Soluble in water 

... Ornithine, Histidine, Glycine, Alanine, 

Methionine, Valine and Leucine. 

2 

Soluble in 10% NaGl 

... Ornithine, Aspartic, Serine, Glutamic, 

Alanine, Tyrosine, Valine and 

Leucine. 

3 

Soluble in 0-2% NaOH 
tion. 

Soiu- Arginine, Serine, Glutamic, Alanine, 

Methionine, Valine, Phenylalanine 
and Leucine. 

4 

Soluble in 80^ alcohol 

... Arginine, Aspartic, Serine, Glutamic, 

Alanine, Tyrosine, Valine, and 

Leucine. 



TABLE 4 

Amino acids present in the rnixture of the hydrolysates of Dolichos biflorus and 

Glycine saja. 

S. No. 

Cereal 

Amino acids identified 

1 

Dolichos biflorus 

... Arginine, Ornithine, Histidine, Aspartic 

acid, Serine, Glutamic acid. Alanine, 
Tyrosine, Methionine, Valine, Pheny- 
lalanine and Leucine, 

2 

Glycine saja 

Arginine, Ornithine, Histidine, 

Aspartic acid, Serine, Glycine, 
Glutamic acid, Alanine, Tyrosine, 
Methionine, Valine, Phenylalanine 
and Leucine. 


It is interesting to note that Dolichos biflorus and Glycine saja both conUin the 
same essential and non-essential amino acidsf Glycine saja, however, contains Glycine 
in addition. Both these cereals are a source of six essential amino acids in common, 
thereby, giving some idea about their nutritive value in diet. 
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ABSTRACrr 


A sample of lime from Jabalput (India) was found to adsorb phosf djatHS front diflkmif phosidiatc 
solutions at pH (ofHGl/NaOH) 4 to 10., Little fixation was rccorde'd front phofiphorio a td at |dl 4. In 
the acidic range and from the acid phosphate soluttom mldetl; die (ixation is contemplued to liivc taken 
place as a result of surface reaction. From basic nhosphatnt the lixaition in* Innv^ever* wfipnied to be 
more due to the formation of dicalcium and tricalciuin pliospbatc'i than niniplc apborpiiofn In ' tlie 
alkaline range the fixation noted frimi all the phosphates ii also r\pliutif^» I ai a rrMib »»{' ttie fAnmation of 
dicalcium and tricalcium phosphates. Tnidhlm eases, fkaiion inemml with thr mnrmri4 rdf and 
alkalinity of the added phosphate solution. 


Considerable interest was stimulated in the proldem tif the relation nf phog, 

phate fixation with pH by Rosxmann’a papnr' in 1927 in w!>ich ihr inilurncc of 
pH on phosphato retention was accurately shown, ‘I‘he intriTHi was further 
enhanced with the publication of a papex byBradfidtl, Scnrseih and Stork* in which 
three separate mechanisms ol phosphate fixation overlapping in naturr were imstu- 
lated. In a recent paper, Mattson® has also reached a aitnihu- Cnnduslon and sluwn 
the relation between phosphate fixation and pH from his curves whic.h rei/istcreal 
four maxima. However, it is important to note that the fonn of phosphates that 
are obtamed either from surface reaction or chetiiical precipitation liave aU lieen 
claimed tojbe complex in nature and of uncertain composition. Tims, under soil 
conditions Cameron and Bell* suggested the existence of a series of solid Solutions 
of phosphoric acid and lime. In 1927, Bassett® claimed hydrtixy apatite as the sok 
durable compound that can exist in soil. Further, McGeorgc and Breav.eak* .sug- 
gested that in ca_lcium-nch soils the insoluble phosphate is carliotiate-idiosphate 
compound which is formed from the combination of one mole of calcinm carlionate 

phosphate. Many others, inclmling Muintire and 
Hatcher believed m the possible reversion of super-pliosphaic to a fhior-ohosuh'itr 
when incorporated into limed soils. It is evideS. ii^Xe, thm th^ 

plex troflSleLre!'” compounds that arc formed are com. 

on. 

the material in detectable quantities. ^ minerals 


containing 


EXPERIMENTAL 

The Ti "’I™"'- “ ■“» •i'"- 

burner for nearly ten hours ^ platmurn crucible over a blow pipe 

was detected to be absent This was attained and carbonate 

limefor further studT VS^^^ a desiccator over 

2-5 grams of the lime were taken in ? investigations. 

of aqueous solutions of hydrochloric flasks and 9() ml, 

hydrochloric acid or of sodium hydroxide (of known pH 

I Hi ] 



values) were added and were allowed to stand at SO^C for 24 hours. Then to these, 
It) ml. of the phosphate solutions containing 30-804G miligrarns P,Os were added. 
The flasks were allowed to stand in a thermostat at 30°G for another 24 hours and 
were occasionally shaken. After the period, 10 ml. of the supernatant liquid were 
pipetted out and PjOg content was^ estimated by ammonium phosphornolybdatc 
method, I he amounts adsorbed (in the following tables) arc those by 2'5 grams 
of the lime. 


TAhLI? 1 

Adsorption of phosphate ion from HjPOj (pH 3-8) by lime at 30"O 


pH of 

NCl/NaOH added 

Adsorption (ingm,) 

pH 

(limef HO)/NaOH) 

pH of the mixture 

(1) 

(2) 

(3) 

(4) 

4 

O'OJOO 

6*9 

3*90 

5 

0*061 a 

7-2 

3-95 

G 

0*1236 

a-2 

4-00 

7 

0*1054 

a-4 

2 '20 

B 

0*2472 

y-30 

4-40 

9 

0‘3399 

107 

4-60 

10 

0*679B 

11-8 

4-80 


Adsorption of phosphate ion 

TABLE 2 

I'rom NH^HaPOii (pH 4-2) by lime at 30°a 


(1) 

(2) 

(3) 

(4) 


4 

0-0618 

6*9 

5-10 


5 

0*0927 

7*2 

5*90 


'6 

0*1545 

8*2 

6*60 


7 

0-2472 

8*4 

7*90 


a 

0*4635 

9*3 

9*20 


9 

0*6798 

10*7 

9*50 


10 

1*2360 

11*8 

10*40 
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I'AULE :i 


Adsorption of phosphate ion from 


pH of 

HGl/NaOH added 

AdsorjxJim (ingin.) (lime |- IIUI/NaOH) 

pH. «»l‘ tlir: tnixOire 

(» 

(2) 

(:») 

c-n 

4 

()-123fi 

(i‘!) 

.‘»‘70 

5 

0-2 h)3 

7*2 

fi‘0O 

6 

0-2781 

8*2 

r^m 

7 

0*5253 

8*1 

T-fiO 

8 

0-8034 

9*3 

8*90 

9 

1*2669 

tO-7 

9‘:io 

10 

2*7501 

nil 

10*20 



TABLE 4 


Adsorption of phosphate ion 

from NH*NaHI>C\ (pH B-O) l)y litne ;u HO XI 

(l) 

(2) 

(H) 

(-0 

4 

02701 

6*9 

7*10 

5 

0*4635 

7‘2 

7*30 

6 

0*5871 

8*2 

8 '00 

7 

0*9579 

a-4 

8*10 

8 

1*4832 

9*3 


9 

27509 

10*7 

9*fiti 

10 

5-3766 

1 1-8 



TABLI^ 5 

Adsorption of phosphate ion from Na^HPO^ (pH 8*2) l)y lime at mHl 


(2) 

(3) 



(4) 

0-8343 

6*9 



7*20 

1-3905 

7*2 



7*40 

1-7613 

8*2 



8*20 

1-9158 

8-4 



B *$0 

2-9664 

9*3 



8*90 

5-1912 

10*7 



9*95 

10-4751 

11*8 



10*50 
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tABtB 6 


Adsorption of phosphate ion from (InH 4 ) 3 P 04 (pH 8-4) by lime at SO^O 


pH of 

HCl/NaOH added 

Adsorption (mgm.) 

pH 

(lime+HCl/NaOH pH of the mixture 

(1) 

(^) 

(3) 

^4) 

4 

2*5338 

6-9 

7*40 

5 

4*2024 

7*2 

7*70 

6 

5*5929 

8*2 

8*30 

7 

6*0564 

8*4 

8-40 

8 

8*8992 

9*3 

9*30 

9 

10*3824 

10*7 

10*30 

10 

10*2704 

11*8 

11*80 



TABLE 7 


Adsorption of phosphate ion 

from NajPO* (pH 0-6) by lime 

at 

(1) 

(2) 

(8) 

(4) 

4 

5*1912 

6*9 

7*50 

5 

7-9413 

7*2 

7*80 

6 

10*8768 

8*2 

a*4() 

7 

12-1437 

8*4 

8*50 

8 

17-4276 

9*3 

9*20 

9 

20-7339 

10*7 

10*40 

10 

24*5037 

11*8 

10*95 


TABLE 8 

Adsorption of phosphate ion from KjPO^ (pH 9’1) by lime at 30®G 


(i) 

(2) 

(3) 

(4) 

4 

9*3627 

6-9 

)-60 

5 

15*3573 

7*2 

7*90 

6 

20*146B 

8*2 

8*50 

7 

23*2368 

8*4 

8*60 

8 

26*9448 

9*3 

9*20 

9 

27*9336 

10*7 

10*60 

10 

23*7988 

11*8 

11*00 
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DKCUSStON 


The experimental results show that the addition of tlilTereni acid/alkali solu** 
tionstolime resulted in each case an increase in pll of the inixturrs due ItM'he 
alkalinity of lime, '•When dilFcrcnt phospljate solntiom were juhlrd to thnir mix- 
tures and equilibrated for 24 hours the resulting solutions rreordrd a dn-rmsr in 
pH except for the three tribasic phosphates. In potassium and siHliuni phofipinUrs 
(tribasic)an increase in pH was noted when tlie initial pi I of tlir ac iil «u‘ alkali 
was 4 to 7 and in ammonium phosphate (tribasic) at 4 to 6, 

* 

The decrease in pH was found to bring about, practically ui all cases, plios- 
phate fixation. It is interesting to note that for individual pho.sphatr« lliis fixation 
increases with the increase of pH and the fixation Ls more at all pH levels as the 
pH of the phosphate solutions added became higher, Thus, a iniull aimnmt of 
fixation was recorded from phosphoric apid (pH 3‘8) and the fixation gradually 
mcreased until the maximum was reached in tribasic potassium phosphate (pH !)*1), 
rhe percentage of fixation of phosphoric acid at pH 4 is negligible and at pH U) 
IS only 2*01, whereas the percentage of fixation from tribasic potassium phosphate 
at pH 4 IS 27-69 and at pH 10 as high as 85- 19. 


Increasc in the hydroxyl ion concentration when the desiri'd rdl .-udiiiioiis vvm: 
added to calcium oxide may he explained in the lollowiug way. It is wrll-kuown 
that when calcium oxide is subjected to the reaction of acids the cotie;ip,.ndiii-- pahs 
arc formed. In the acid side, therefore, the incrca.se in pH may Ik- doe Vo the 
tormation of calcium chloride which is less acidic as is evident (lom the himule 
equation CaO+2HGl->CaGl2+ HjO. This reaction is, however, f-radually re- 
Itls Ga 0 +H 5 , 0 -»Ga(_ 0 Hji., as it approaches the alkaline Tide. 

therefore, that the increase in alkitUnity in the acid and the alkaline 
two different substances, one being less acid in reV 
other strongly alkaline. In the solutions, therefoiv, , he.se 
befor^h^wa-?^^ remain in admixture, depending upon the pH of the medium 
LSel^tif r • phosphatc solutious Were made. Natur.d y h 

iS which may also play smm’ nde 

tation of calcium oxide acts :is an adsorbent, chemical pi eeiin- 

phosphates may also occur when these s»h,stance .ue r- 
phosphates. It Is also expected tltai because 
acidic anH formation of calcium chloride and caldtim hydioxidr in die 

SL ifi medium respectively, the nature and amount of insuhaVlc 

same. SmdvKhe pH levels would m.t he the 

Dhatet* ® solutions before ami after tlui ailiUtioii i^f uhm^ 


place.^' Range- In the acid range the following reactions might have taken 

GaO-P2HGl CaCl,^-t.H<.0 

{«) Wiih H,PO^, and NaHJH),. 

GaCl2+2HjP04 Ca (Eld’O*);, h2liai 
GaC]j+ 2 NH 4 H.,P 04 -> Ca (HsP(;)4)si+2NH4t;i 

GaGli-f2NaH2POt -» Ga (HjPOjj. + oNaOl 
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Tiic lormaiiDU of this monocalciura phosphate seems to have not resulted in 
the phospliatc lixation at low pH when the phosphate added is in the form of 
HjjPOi and H5jP04.^ This is evident from tables 1 , 2 and 3 in which the amount 
of fixation recorded is quite low- It may be noted that the fixation progressively 
increases at all pH when the pH of the adiled phosphate solutions become higher. 
We may, therefore, conclude that at lower pH and from phosphate solutions of 
higher acidity the fixation of phosphate by calciutn oxide is more due to surface 
reaction than to chemical interaction. It is only at higher pH and from phosphate 
solutions of higher alkalinity that chemical precipation plays any appreciable role 
in the fixation of phosphates. 


(b) With NH,,NaHPO, and NaJdPO, and {MH,)zPO^, Na^PO, and K^PO,. 
GaCl, + NH4NaHP04 OaHPO^ + NH^Gl + NaGl 
NH^NaHPO^ + 2B^O ^ NH^OH + NaOH + H^PO^ 


GaO + H3 POj: 
K3PO4 + H3O 
CaOa + KatlPO^ 
GaO +HaO 


GaHPOa + Hp 
KOH + KaHPO^ 
CaHPO^ + 2KC1 
Ga (OtI)2 


Ca (OH), + 2GaHP04 Ca-, (PO^)^ + 2H2O 


From the above equations it is evident that the formation of dicalcium and 
tricalcium phosphate is entirely dependent upon the pH of the added phosphate 
solution. The reactions proceeding towards the formation of tribasic calcium phos- 
phate seem to be favoured with the addition of a high pH phosphate, Tribasic 
calcium phosphate is more insoluble than dicaleiurn phosphate and this explains 
greater fixation from a more alkaline phosphate solution. 


B. Basic Range. The main reaction that seems to have taken place in this 
range with the added phosphate leading to its fixation is with calcium hydroxide, 
The reactions might be translated into the following equational forms : — • 

Ca (OH), + H3PO4 CaHPOa + 211,0 

Ga (OH), + NH4PI2PO4 CaHP04 + 20,0 + NH3 

Ga (0H)2 + NH4NaHP04 GaHP04 + H ,0 + NaOH + NH^ 

Ga (OH), + (NH4)3P04 GaHP04 + 2Hp + 3NH3 

GaO + H ,0 Ga(OH), 

Ga (OH), + 2GaHP04 Ga3(P04), + 2H,0 

The formation of tricalcium phosphate, therefore, results through the inter- 
mediate product, dibasic calcium piiosphatc. In view ot tiie record ot high fixa- 
tion from phosphate solutions ol higher pPi and at higher pH range, the lorma- 
tion of tricalcium phosphate from alkaiiae phosphate solutions is not improbable. 
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ABSTRACT 

Studies were made on the effect of glucose and laboratory prepared humic acid on the adsorbing 
capacity of a sample of Indian lime (Jabbalpur) at different pH values. It was noted that the presence of 
glucose and humic acid decreased the fixation of phosphate, the decrease being more marked in the case 
of humic acid. The pH of the systems also varied accordingly. It has been explained on the basis that 
the active surfaces arc saturated and cemented in presence of organic matter* especially when humic 
acid ii present, thus diminishing the association of phosphate with the adsorbent either physically or 
chemically. 

The effect of organic ions on phosphate adsorption by lime has not been 
extensively studied, En ejfet^ little work is available ou this important aspect of study. 
Results of a few investigations arc, however, recorded on the effect of these ions on 
phosphate adsorption in other systems. Most of the investigators have concluded 
that organic ions, in general, depress phosphate adsorption either by cementing the 
particles together or as in the case of minerals, by partially saturating the secondary 
valencies of the mineral lattice. In 1948, Coppenet and Boischot^ reported desorption 
of phosphate adsorbed on the surface of calcium carbonate particles by the influence 
of the humic anion. 

Because of the importance of the problem in the field of agriculture, it is felt 
that an attempt should be made to understand the dynamics of phosphate adsorption 
by lime in the presence of glucose and humic acid. 

EXPERIMENTAL 

Details of the procedure adopted for the present investigations have already 
been reported in paper I of this series.® For the studies in the presence of glucose and 
of humic acid, to the lime was added 1 gram of glucose or humic acid and then the 
solutions were added as described in part I and the experiments were repeated. The 
sample of glucose used was of B, D. H. AnalaR quality and humic acid was prepared 
in the laboratory from a good quality soil by the method described by Puri,* 

[ m 1 



i’ABLfc! 1 


Adsorption of phosphate ion frmu (pH, i^y Umc in prrsrucc dI 

glucose at 'MYKh 


pH of 

HCl/NaOH added 

Adsorpliim 

(inijiu ) 

Pli 

(limr ! )|} | 

|UI »*l ihr* 

(1) 

«) 

H) 

l4'l 

4 

(>•00(10 

r»'H 

:er>u 

5 

O'OOOO 

7i 

;i'?u 

6 

()-()772 

ai 


7 

(|•130l.) 

H-a 

4nti 

8 

0'2l(i;i 

9*2 

4':i5 

9 

(i-aodfi 

lO'O 

4‘fHI 

10 

0'648‘) 

U‘7 

4'7t) 


I’AULE 

Adsorption of phosphate ivm fta)tn (pH 4'*/^ Uy lime in 

presence of glucose at IhHC l 


(i) 

•(2) 

(4) 

(■») 

4 

O’UOOO 

0*H 


5 

O'OOOO 

7i 

frtiO 

6 

0'123(; 

11*1 

(>•;>() 

7 

()-2()()ft 


V-fid 

8 

()'432(i 

0‘*i 

'(‘111 

9 

O-f.834 

UH,) 


id 

1-1896 

U‘7 

Id-Ki 


'rABLK 


Adsorption of phosphate ion from Nali^jPO^ (pH fHi) 1>\ lime in 
presence of glucose at 


(i) 

4 

5 

6 

7 

8 
9 

/lO 


(2) 

(3) 

(4) 

0-0000 

611 

rm 

Ci699 

7M 


0*2317 

H*l 

irlio 

0*494 1 

8*3 

7*4U 

0*7725 

9-2 

H*6tt 

1*2205 

10*6 

O'lH) 

, 2-7037 

11*7 

10115 
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TABLE 4 


Adsorption of phosphate ion from NH^^NaliPO^j (pH 8*0) by lime 
in presence of glucose at 30^0 


pH of 

Adsorption 

pH 

pH of the 

NGl/NaOH added (i»gni.) 

(lime + HGI/NaOH) 

mixture 

(1) 

(2) 

(3) 

(4) 

4 

0*2163 

6*8 

6*65 

5 

0-4171 

7*1 

6-75 

6 

0-5407 

8-1 

6-90 

7 

0-8806 

8-3 

7-35 

8 

1-4523 

9*2 

8-50 

9 

2-7192 

10-6 

9-75 

10 

5-3611 

11-7 

10-25 



TABLE 5 



Adsorption of phospluite 

ion from NajlIPO^ (pH B-2) ijy lime 


in presence ot glucose at 30^G 


(1) 

(2) 

(3) 

(4) 

4 

0-7879 

6-8 

6*75 

5 

1*3596 

7-1 

(>•95 

6 

1-714') 

8-1 

7*30 

7 

1-8849 

8*3 

7*8() 

B 

2-9200 

9-2 

a-75 

9 

5-1448 

10-6 . 

9-9!) 

10 

10-1970 

11*7 

10*40 



TABLE 6 

Adsorption of phosphate ion from (NH 4 )j 
in presence of glucose at 

5 PO 4 

30°G. 

(pH 8-4) by lime 



( 1 ) ( 2 ) 

(3) 

(4) 



4 2*3329 

6-8 

7-75 



5 4*0479 

7-1 

7-60 



6 5-5311 

8-1 

7-80 



7 5-9019 

8*3 

a- 15 



8 8*6211 

9-2 

9-05 



9 10-1352 

10-6 

10-15 



10 19*9459 

11-6 

10*65 
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TABr*E 7 


AdsoJ'ptioii of phospluiK' ioa Tmiu (pif IHA by lioir in 

of g'ltiooHe at J 




fABLE 10 

Adsorption of phospliate ioa from NH^HgPOi (pH 4'2) by lime in presence 

of humic acid at 30®G 


pH of 

NOVNaOH added 

Adsorption 

(mgm,) 

pH 

(lime +- HGI/NaOIl) 

pH of the 

Hiixturc 

(I) 

(2) 

(3) 

(4) 

4 

o-oooo 

6G 

4*75 

5 

O'Ooo;) 

0-9 

5*65 

6 

0-0000 

7-9 

6'40 

7 

0-1081 

8 1 

7 70 

B 

0-262G 

9-0 

8*95 

9 

0-4635 

10*4 

9*25 

10 

0-957i) 

11*5 

U)‘20 


TABLE 11 

Adsorption of phosphate ion from NaH^PO. (pH 5-6) by lime in presence 

of humic acid at 30°G 


(i) 


(2) 


(3) 

(4) 

4 


o-ooco 


6*6 

5*20 

5 


0*0000 


6 9 

5*75 

6 


0*1236 


7*9 

6*70 

7 


0*3399 


8*1 

7*30 

8 


0*6489 


9*0 

8*65 

9 


1*0042 


10*4 

8*85 

10 


2*6265 


11*5 

lO’OO 


TABLE 12 


Adsorption of phosphate ion from NH^NaHPO, (pH 8-0) by lime in presence 

ot humic acid at 30^^ 


(1) 

(2) 

(3) 

(4) 

4* 

0-0000 

6*6 

6*50 

5 

0-3090 ** 

6*9 

665 

6 

0*3708 

7-9 

6*70 

7 

0*6489 

8*1 

7-20 

8 

1*1742 

9*9 

8*35 

9 

2*5029 

10*4 

9*60 

10 

5*1139 

11*5 

10*10 
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TAIlLR i;5 


Adsorption of phosphate ion from Na ,HPO.^ (pll 

f by Itm-*' in 


presence of humic acid 

at lliPil 


pH of 

Adsorption 


r»H offitf 

HCl/NaOH added 

(ingm.) iliine 

1 tini/NiiOio 


(1) 

(2) 

tri 

(4) 

4 

0-2626 

6-6 

r,‘ia 

5 

0*5562 

69 

r,-ni) 

6 

0*8961 

7*9 

7*15 

7 

1*4986 

8*1 

7'65 

8 

2*3638 

9*0 

8*70 

9 

4*8513 

10‘4 

9-75 

10 

9-8262 

U'5 



table M 



Adsorption of phosphate ion fnun (Nl lAPO. (pH , 

by Innc m 


presence of humic acid 

at :ioo(: 


(1) 

w 

(5) 

c-t) 

4 

o-mb 

(»*t> 

B-tMl 

5 

3*7080 

6-9 

V50 

6 

4*6659 


/•■/It 

7 

5*5620 

B*1 

i»‘on 

8 

7*9876 

9-0 

H-8S 

9 

9-2854 

10-4 

‘l-'K) 

10 

19'1116 

U*5 

ID-ft) 


TABLE Ift 


Adsorption of phosphate ion from Na^l’Oj (pH !!•(;; l.y lime in 
presence of humic acid at 30 ^'CJ 



4 

5 

6 
7 
B 

9 

10 


4*5268 

7*0452 

10-1506 

11*2785 

16-6551 

19-8069 

23*2368 


6*6 ■ 
6-!? 
7*9 

a- 1 

9*0 

10*4 

11*5 


6*95 

7*fi0 

7*90 

S-IO 

9-00 

10*10 

I0‘55 
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TABLE l(i 

Adsorpiion of phosphate ion from K 3 PO 4 (pH 9 T) by lime in 
presence of humic acid at 30°G 


pll of 

NCl/NaOH added 

Adsorption 

(m»m) 

pi I 

dime + IlCI/NaOlI) 

pH of the 
mixture 

CD 

(2) 

(3) 

(4) 

4 

8*4058 

6C 

7*40 

5 

14*5539 

6*9 

7*60 

6 

19*4052 

7*9 

805 

7 

22*2171 

8*1 

8*20 

B 

25*9869 

90 

9*30 

9 

26*944B 

10*4 

10*25 

10 

27*7327 

11*5 

10*65 


DISCUSSION 

In part r\ it has been shown that the addition of difierenl Jicid/alkali solutions 
to lime resulted in each case an increase in pH of the mix lures due to the alkalinity 
of lime. It is evident from the experimental results presented abovi; that this increase 
is less in presence of glucose and the increase is much less jirominent in presence of 
htimic acid. In general, the trend in the change of pH that was reported in part I 
with the addition of different phosphate solutions to the mixture of lime and aqueous 
HCl/NaOH, was also seen even when glucose and humic acid „werc added to the 
adsorbing system. For individual phosphates, adsorption increased with the increase 
of pH of HCl/NaOH and phosphate solutions. Again, no change in this basic trend 
of phosphate adsorption was found when the experiments were carried out in presence 
of glucose and humic acid. However, both of these substances reduced phosphate 
adsorption and this reduction was accompanied by a decrease in the resultant pH, 
When compared with the pH of the final solutions obtained from the addition of 
phosphates to the mixtures of calcium oxide and aqueous HGl/NaOH, this pH was 
found to be less. Humic acid reduced the resultant pH and also phosphate adsorption 
more than in the presence of glucose. ^ 

In the present study, it may also be noted that the extent of impediment in 
phosphate adsorption by lime in presence of glucose and humic acid considerably 
depends upon pH of aqueous HGl/NaOH and phosphate solutions. Incidentally it 
may be mentioned here that our conjecture of surface reaction between phosphate 
and lime at lower pH _ values which has been reported in part I, was also based on 
the fact that little fixation could be found from acid phosphate solutions and at lower 
pH of HGl /NaOH, especially in presence of humic acid. Humic acid is well known 
for depressing phosphate fixation by saturating and cementing the .'ictive surfaces of 
the adsorbents. It is only towards the alkaline side (where the lixaiion of phosphate 
has been postulated to be due to chemical interaction) that the fixation is not negligb 
ble even in presence of humic acid. In all cases humic acid recorded a greater 
depressing eflect than glucose perhaps as a result of greater cementing effect of the 
former than the latter. Further, the pFI change brought about by each of these 
substances to the system of calcium oxide and aqueous FlGl /NaOH added, showed 
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tkat humic acid reduced the pH of tini soluuotw m«»ro iliau It may 

easily conjectured that as a result of this reaction both of them dejire»ril m vatyme; 
degrees the formation of calcium chloride and calcium liydrirKide sviflf: {etri I) by 
impeding the chemical reaction resulting to these suhM.miC:; ciilicr by .sat urafiuy tlie 
surface of calcium oxide particles or making siabl<^ c(»m|de\o:i wiih ilmng ibu:i 
precipitating comparatively lesser amount of imiolulde iduripInUe;. 'I Im pui.ibiluy of 
less surface reaction with phosphate?} du<! to the founatiiaMd tlu'ir i iKiiioyyoit active 
calcium oxide surfaces can also be conteinplattsL 


The author takes this opportunity of expressing his chn*|i .sens * td ^paiitmie to 
late Dr. S. P* Mitra under whoso iuspiririg guulance. the present work was uiitlrr- 
taken. He is equally indebted to Prof. S. Ghosh fur his eonstrtmive erilici:aus and 
suggestions. He also takes this opportunity of expressing his ludrbnslness to 1 )r. Anm 
K. Dcy who took keen interest in the work and rendt'red gtiiilamv durng; t lie latter 
part of the work. 
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A NOTE ON THE EFFECT OF GLUCOSE AND CANE SUGAR ON 
AMMONIUM NITRITE DECOMPOSITION 


By 

O. N. TRIPATHI 

Deparlmeni of Chemistry ^ Mahakoshal Mahavidyalaya, Jabalpur 
[Received on 11th April, 1960] 

Dhar and cowojkers^ have, in a number of experiments, shown that the 
nitrogenous fertilizers added to soil, undergo a series of changes in presence of 
sunlight and air, to form a highly unstable compound^ ammonium nitrite which 
decomposes according to the following equation# 

NH 4 N 02 ==N 2 + 2H20+718 Kcal. 

This phenomenon results in the decomposition and loss of the added nitrogenous 
fertilizer as free nitrogen gas. The loss has been found to be greater in light than 
in dark. 

Dhar and Mukerjee^ and TripathF and other workers have observed that the 
addition of carbonaceous substances to the nitrogenous fertilizers in soils consider- 
ably checks the loss of soil nitrogen. It has been suggested that the carbonac<^ous 
materials retard the rate of formation and decomposition of aminonium nitrite 
during amrnonilication, nitrification and nitrogen loss by photo-chemical process. 

The present experiments cover the addition of cardonaceous substances like 
glucose and canc sugar in relation to the ammonium nitrite dca)mposition in 
presence of sunlight (decomposition in darkness has not been® included in this paper). 
The quantities of carbonaceous materials used were so small (ol the order ol OT^ 
0‘05 and 0*02 gm. per 100 c.c. of the solution) that they apparantly do not interfere 
with ammonium nitrite reactions, but only react as anti- catalysts in ammonium 
nitrite decomposition. 

EXPERIMENTAL 

Ammonium nitrite solution was prepared by mixing ammonium sulphate ami 
sodium nitrite solutions so as to contain 1*2090, 0*6045 and, 0*3022 gs. of 
nitrogen per 100 c.c. of the solution. 100 c.c. of each solution was exposed to 
sunlight in Jena beakers covered with clean glass covers of uniform thickness. 

Solutions of glucose and cane sugar were prepared by dissolving^ separately 
0*10, 0*05 and 0*02 gs. of glucose and canc sugar in distilled water. These were 
added to ammonium-nitrite solutions prepared above and the volume was made upto 
100 c.c. 

The beakers containing the .above solutions were exposed to sunlight for about 
six hours every day. The volume of the solutions was made up by adding distilled 
water at the close of the exposure every day. Temperature was recorded thrice 
every day by immersing the bulb of a thermmeter in a beaker of distilled water 
placed by the side of the exposed beakers. Thus, the temperature recorded is the 
mean of these values during the exposure. 

Determination of total nitrogen^, ammoniacal nitrogen^ and nitrate nitrogen^ 
was done by standard methods. Nitrite nitrogen was found out by substraction, 

OBSERVATOINS 

Period of exposure 

Volume of ammonium nitrite solution ... 

Average temperature 


125 hours 
100 c,c. 
38*2^^ C, 
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OBSERVAi'IONS 


With ammonium nitrite solution 


Total nitrogen 

added by Total nitrogen Aintnoniacal Nitrile niirogcn Nitrate "ool 

ammonium left behind nitrogen left Idt behtml nltrogrti ftirusr.l niti air niuijj/fti 


nitrite in gms. 

in gms* 

behind in gins, 

111 grns. 

in gm-i, 

<<»unr 1 

l‘20i0 

0*6045 

0*3022 

07313 

0 4070 
0-2447 

0*4207 

0-2481 

0*1503 

0*2905 

0*1 t2l 

0*()B5(i 

troHid 

t)t)U8f5 

1 UiC 

2-9 U 

With ammonium nitrite and giucose (0*1 

gm,} 



1*2090 

0-6045 

0*3022 

0*8065 

0*4835 

0*2576 

0*4301 

0-2575 

0-1421 

(r3573 

0-2088 

0*10 k5 

0*0188 

0 017.! 

(Ml lOif 

l'55f» 
2-8 15 
2*u/n 

With ammonium nitrite and cam; sug.ir (1)1 giu ) 



1*2090 

0*6045 

0*3022 

0 7861 
0*4563 
0*2489 

0'37B2 

0*2391 

0-1429 

0-3878 

0-207 1 

0-1008 

0-0201 

0*0098 

0‘t)05'! 

l i*iC 

1 124 
l*V2i 

With ammonium nitrite and glucose (0 0 

5 gin.) 



1*2090 

0*e045 

0 3022 

0*7758 

0*4667 

0*2564 

0-4207 

02488 

0-1413 

0-3.i60 

0-20)0 

0 1069 

0*0191 

0-0149 

0*0082 

1*570 
2’ 4 Of) 
2*714 

With ammonium nitrite and cane sugar 

(O'O.") gin.) 



1'2090 

0-6045 

0-3022 

0*7583 

0*4394 

0*2452 

0-3715 

0-2)19 

0-1382 

0-3070 

0-1980 

0-1023 

0*0192 

0-0089 

O’OOI? 

1*5!15 

l*4?2 

1*555 

With ammonium nitrite and glucosi; (J-02 gtn.) 



1*2090 

0*6045 . 

0-3022 

07687 

0-4512 

0-2533 

0*4112 

0*2487 

0*1399 

0-3374 

0-1880 

0-1077 

0-0201 

0*0145 

0*0. 6:l 

1*062 

2*498 

2*084' 

With ammonium nitrite and cane sugar (0*02 gm.) 



1-2090 

0-6045 

0-3022 

0-7474 

0-4371 

0-2448 

0-3604 

0-2488 

0-1354 

0-3082 

0-1703 

0-1019 

0 0188 
0*0190 
0*0075 

1*561 

1’6!.i4 

1*482 
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DISCUSSION 


Dhar’s theory of photo-nitrification of nitrogenous fertilizers postulates the 
formation of an unstable compound through a series of chemical reactions in soil, 
which decomposes in the presence of sunlight (auto-catalyst) and air into nitrogen 
gas as under, 

NH4N02==Na + 2H20 + 7l8 KcaL 

This loss of nitrogen from soil, due to the decomposition of the fertilizer can 
be appreciably reduced by addition of carbohydrates or cellulosic materials to the 
soil. Dhar and Mukherjee’ and Tripathi and Banerjee® have observed that the 
addition of glucose, molasses or sugar retards the rate of nitrogen loss from the 
soils containing nitrogenous fertilizers. Ihesc observations lead to the conclusion 
that the formation and decomposition of ammonium nitrite in solution can be 
effectively checked by the addition of corbohydrates to it. In the present experiments, 
ammonium nitrite solution containing 1*2090,0*6045 and 0*3022 gms. of it per 100 
c.c. of the solution, after exposure to sunlight at an average temperature of 38’2‘^G, 
lost 39*51/,, 32*67% and 19*01% of nitrogen rcspeciivcly, after a period of 125 hours. 
But in presence of glucose or cane sugar, the loss of nitrogen from ammonium 
nitrite solution under the same conditions of the experiment was observed to be 
considerably less. Thus, the above loss of nitrogen in ammonium nitrite solution 
with glucose and cane sugar is reduced as recorded below. 


Ammonium Nitrite 


Glucose 


Cane S»*‘gar 


Qjuantity 

% loss of nitrogen 

Qiiantity 

% loss of nitrogen 

(Quantity 

% loss of nitrogen 

1*2090 

39’51 

0*10 gm. 

33*29 

0*10 gm. 

3498 

1'209() 

... 

0*05 gm. 

35-83 

0*05 gm. 

37-28 

1*2090 

... 

0*02 gm. 

36*42 

0 02 gm. 

38*19 

0*6045 

3ii-G7 

0*10 gm. 

20*02 

0*10 gm. 

24-52 

0*6045 


0*05 gm. 

22*79 

0*05 gm. 

27-32 

0*6045 


0*02 gm. 

25‘36 

0*02 gm. 

27-69 

0*3022 

19*0i 

0*10 gm. 

14*75 

0*10 gm. 

17*63 

0*3022 

mmm 

0*05 gm. 

15*15 

0*05 gm. 

18*86 

0*3022 


0*02 gm. 

15*99 

0*02 gm. 

18*98 


The following conclusions are drawn from the observations : 

(1) With the higher concentration of ammonium nitrite, the loss of nitrogen 

is greater. 

(2) The higher concentration of glocuse and/or cane sugar show greater 

efficiency in retarding nitrogen loss, i. c. the decomposition of ammonium 
nitrite. 
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(3) Oxidation of nitrite into nitrate in appreeiafde, whirJi \v.i,*i ile(!aiMp*).Hr<,l 
and lost as arnmoniiun nitrite. 

(4) Nitrite part of ammonium nitrite siUlVm greater Iim:! lli.iii a, 

part. 

Studies of'such reactions with other such unti-catJily!4t% in lieln jing 
are in progress. ^ 
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feFFEOt OF SALTS ON THE RELEASE OF ADSORBED UREA 

BY SOILS 


By 

S. G. MISRA md Ci'. 1\ SRIVASTAVA 
Chemutry D^parltmni, UnmrsUy of Allahabad^ Allahabad. 

[Received ou 20th May, 1960] 

ABSTRACT 

Urea adsorbed by the soil can be released by the application of NaCl, KGl, GaGl 2 and Na 2 HP 04 
Practically all the adsorbed urea from dilute solutions can be lost by leaching action in presence of small 
amounts of Na, K and Ga ions. 

In a previous communication^, we reported adsorptive capacities of soils, clay 
minerals ar\d oxides of iron and aluminium for urea from its dilute solutions. No 
attempt was made to find out the fate of adsorbed urea by the materials. In the 
present studies, the salts have been used to release the adsorbed urea by a soil. 

EKPERIMENTAX. 

The soil used in these experiments was collected from Allahabad University, 
Chemistry Department Campus. The soil was finely powdered and passed through 
^ 100 mesh sieve* After oven-drying, it was stored in a stoppered bottle and 
used for adsorption expriments* 

5 gms. of the soil was taken in 250 raL conical flasks and 50 ml. of urea 
solution of OT M, 0*05 M, 0*0333 M concentration were added to each flask. The 
contents were shaken for one hour after corking the flasks. Next day, the supernatant 
liquid was separated by filtering it through a Buchner funnel using suction. The 
soil on the funnel was washed thoroughly with distilled water to free it of i-emaining 
urea. Then the soil with the filter paper was transferred to the conical flasks and 
shaken with 50 ml. of OT M and 0*05 M solutions of NaCl, KCi, GaCla and 
NagHPO^ respectively. Next day, the filtrates were analysed for urea con- 
tents, using sodium hypobromite method.'*^ The amount of urea found out 
denotes the amount of urea released by salt treatment. The original solutions 
were also analysed for their urea contents. The adsorbed urea was found out by 
difference in the concentration of urea before and after the adsorption. 

The soil used in these experiments contained 0’6045% carbon and 2*8% cal- 
cium oxide. Its pH was 8*4. 

TABLE 1 

Effect of KGl on the release of adsorbed urea 


gms. of urea released by 5 gms. of urea-treated 
soil using 


Concentration of 
urea used 


gms. of urea adsorbed 
by 5 gms. of soil 


0-lMKGl 


0‘05 M Kcl 


QTM 

0‘05M 

0’033M 


0‘03(i()l 

0()1464 

O'Oini 


0*(i3221 

(,*01757 

0*01175 


0 021 % 
o*()i3ia 
0*00732 
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TAmS 2 


Effect of NaCl oo the release of adnotbecl iirra 


'■ 1 

of tutu rel«r.rd liy 5 


Concentration of 
urea used 

gms. of urea adsorlicd 
by 5 gms. of soil 

0-1 M N.iCl 

oof. 

O-IM- 

0-03661 

(i-iCitHll 

o-o.:*U‘) 

0-05M 

0-01464 

0-1)1911;! 

()-()i7rr/ 

0-033M 

0-01098 

n-(l!4ti4 

O'.iIfilH 


Effect ofCaGla on the rckane uf atL^()rbeiI tirea 


Concentration of 
urea used 


O'lM 

0*05M 

0’033M 


gms. of urea xdtmd by ^mx of nfrmtm^dwl\ 
iwiiig 


gtns, of urea adsorbed 
by 5 gms, of soil 


I 0*036(il 
0“01464 
0-0109B 


OdM OuCU 


dim If] 


(HU4H4 

0*00732 


imm tkiik 

01i244;i 

il'ooir/ii 

ilHil) 


^rAOLE 4 

Efifect of NaaHPOj on the release, of adsoibcl urea 


Concentration of 
urea used 


O'lM 

0'05M 

0-033M 


gms. of urea adsorbed 
by 5 gms. of soil 


003661 

0-01464 

0-01171 


gms. of urea releated iiy 5 gms. of urea«trftatcd-.i >il 
using 


0-lM NaallPO 

0'024as) 
U-l)U7.'i 
o-()oOB;i 
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DISCUSSION 


A perasal of the above results shows clearly that the absorbed urra can be 
extracted from the soil by using salt solutions of varying concentrations* The 
order in which the salts used displace adsorbed urea varies with the amount of urea 
adsorbed. The higher concentrations of the salts release greater amounts of 
adsorbed urea whilst the less concentrated salts release less of urea* However, 
practically all the urea adsorbed from less concentrated solutions of urea, is released 
by the salt solutions usedj, in comparison to the urea adsorbed by the soil from con- 
centrated urea solution i* 0‘1 M solution. 

It is interesting to note that the release of urea from soil samples treated with 
0’05M and 0*033M solution of urea, release more of urea than the amount 
adsorbed. This shows that some ammonium ions are also being released as a result 
of salt-treatment, which are being determined by the hypobromite method. This 
takes place due to base-exchange process in the soil, Na+, and ions release 
NH 4 + ions from the soil. 

The release of adsorbed urea by the salt solutions can be explained by assum- 
ing that urea is adsorbed in such a manner that it is easily exchangeable and 
Na*^, K"^ and Ga+‘*' ions displace the adsorbed urea* Also, it is possible that during 
adsorption urea gets transformed into ammonium ions and is adsorbed by the soils 
which can be released later by base-exchange. 

The presence of the cations, thus, greatly helps in releasing the adsorbed urea 
The leaching losses of urea can be, in this way, increased by different fertilizing 
practices. 


REFERENCES 

1 . Misra S. G. and Prasad, C., Proc, Nat Acad. Set. (India), 28, 155, (1959). 
2* Vogel, A .1. Quantitative Inorganic Analyns, (London), page 776, (1942). 


( 165 1 



STUDIES ON THIOAESENATES 

part II : A POTENTIOMETRIG AND CONDUCTOMin'RIC STl'DY 


By 

MANHARAN NATH SRIVASTAVA WSATYESHWAR CHOSH 

Chemicd Laboratories^ Unmrsity of Alkhalmd^ AIMmhml 
[Received on 12th April, 


ABSTRACT 

The interaction between arsenate and hydrosidphide (NallS) hm Iwn ^hriwn fn fimrffft in n rmrnlifr 

of steps forming thioxy and thioarsenates, Na^AsSOa, NaaAaS||0|, Na AiK*|f\ iinil Na^AsSi. fn 
“’alkaline medium the reaction is ionic in nature, and Oil'* iom are lit nv ry mep i»f thn 

Further the reactions being reversible andalow, they are never com plate in iilkalirw wedimit, srHlmt very 
few OH- ions actually exist in the free state in the aolutions. On mldlng aclrh the rtm^ihn pmccftk to 
completion forming thioarsenate aniom. Further, the increase in hydrogert Ion fonrentiMtion mipf*rriiif» 
the dissociation ofthethioacid, forming molecular Ha AsS wiiich (lecorapor«efi. mthcr 4owly» U) give n 
precipitate of AsaS/i and liberates HgS. Tt has further been auggfJtetl that, In genernl, with ttir Iw ifa»«! 
number of sulphur atoms in the molecules of various tMoxy and thioarwnir aelrls, the laK i mre 

stronger. 

In part I of this paper^ various factors determiBiug the precipitation of arsenk 
pentasulphide by decomposing its thiosalt with HOI have been studied. The 
present paper deals with a physico-chemical study of the thioxy and thioarsenatfs, 
their formation and decomposition by acids, leading to the precipitation of 

It has been found that as with the arsenite the reaction occurs in steps forming 
thioxy and thioarsenates, and arsenic pentasulphide is precipitated from the 
thiocompound, owing to the decomposition of thioarsenic acid molecules. From 
monosulphoxyarsenic acid (HgAsSO^) however, only sulphur separates* It is further 
observed that in this case the reactions are rather slow, and the formatiw of 
thioarsenate is never complete in alkaline solutions. 


RESULTS AND DISCUSSION 

Formation of thioxy and thioarsenates 


{d) pH measurements (by Univariant method)t 

'=*pe’^™ents a fixed volume of 0‘2M NaJ'IAsO,. 7H.,0 solution was 
raiqpd tn NaHS solution and the total volume was 

GainVirifi<r > u solutions was measured with a 

“iondg,pH meter (Senstmty 0-02 units) using glass electrodes. The pH of 
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NaHS solution alone of similar concentrations was also noted for comparision. The 
results are graphically represented in Fig, 1, which shows that 

(i) The pH of these solutions goes on increasing with the addition of NaHS, 

finally the curve tending to become constant, after 4 equivalents of 
NaHS have been added. 

(ii) The hydrolysis of the complex thioxy and thioarsenates is Icsss than that 

of NaHS. 



(b) Conductivity Measurements {by Differential Univaraiant method ) : 

A fixed volume of arsenate solution was mixed with varying anaounts of NaHS 
solution, and the total volume raised to 50 c.c. The conductance of these solutions 
was measured at 32*5±0T°G by a L. N. Kohlrausch slide wire with an 
audiofrequency oscillator. The conduct ance values for corresponding amounts oi 
NaHS alone were also determined. The observed conductance of Aese solutions 
was substracted from the sum of the conductance of arsenate and Narlo solutions. 
The results are given in Fig, 2, in which the differences b^ween the observed 
conductance and the sum of the conductance of arsenate and NaHS solutions nave 
been plotted against the NaHS added. 

Fig. 2 shows that the slope of the curves changes with each addition of N^IS. 
Finally the curves tend to be constant, after four equivalents of NaHS have been 
added. It thus indicates the stepwise formation of thioxy and thioarsenates viz., 
Na 3 AsS 03 , NaaAsSaOa Na^AsSaO and NaaAsS^ with the progressive addition of 
NaHS to arsenate solution. 
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Potmtiometric and conduciometric tilralions of thmy and tliinaMimteit with hydrochloric acid:-^ 
A standard O'l M sodium arsenate solution ('.i c,c.) wns mixed witlv inorrsiHiju; 
amounts (2, 4, 6 and 8 c.c.) of O' IM NallS solution. The thioxy mid thiom senate's 




ptl and 
in (“jvoh 



Fig. 3 shows the pH titration curves of thioxy and thioarsenates. In it the 
fiist| curve (As: NaHS = 1: 1) has only one well marked inflexion. The second 
and| third curves corresponding to (As: NaHS =1:2 and 1 : 3 respectively) have 
two and the fourth curve (As: NaHS = l: 4) has three inflextions. 



The conductometric titration curves (fig. 4) show that at first the conductance 
increases very slowly in all cases, till the acid added is equivalent to the sodium 
pre^nt in the solutions. Finally the curves rise steadily, as is the case for the 
conductometric titration of a w'eak base with a strong acid. 

The Results recorded here, thus show that the reaction between arsenate and 
hydrosulphide occurs in a number of steps, involving a seris of stepwise equilibria, 
as suggested below, — 

AsO/- + HS- ^ AsSOs*- + OFI- 
AsS 03»- + HS- AsSaOa'*- + OH" 

I AsS,Os«- + HS- ^.AsSaO''- -I- OH' 

AsSsOs- + HS- AsSi'*- + OH- 
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It will be seen from above that OH- ions are released at every step of the 
reaction, i.e. with increasing acidity of the medium the. fontiatiou of AaS^* wtmhl 
be enhanced. It appears, however, that very few OH" inns tin aetiially exwt: in the 
free state in these solutions, so that on adding acid tt» them, the c.nrtdtietomr.tfic 
titration curves (fig. 4 ) do not show any initial fall, i)Ut go on lising very slowly 
from the very begining. It happens so beemwe all these rraethms being reversible 
in nature, much of the reactions is not completed in alkaline medium. On adding 
add, the OH" ions are consumed from the system, 80 tlut the reaction priicectls 
towards the right side, finally giving the thioarseiiatc anions, Kurther, the incaease 
in hydogen ion concentration suppresses the dissociation of the thio acid, formitrg 
thioarsenic acid molecules, which really decompose, rather slowly, to give a 
precipitate of arsenic pentasulphide and liberatiug lljS. 


Half neutralization Points: 

By an analysis of the pH titration curves (Fig. d) the following half 
neutralization points of the various thioxy and thioarsenic acids arc obtaiueii. 


TABLE I 


Acid 


pH at half neutralization points 



I 

11 

in 

HjAsSOg 

3-70 

6-82 

7-86 

HgAsSjO., 

5-GO 

6-75 

7-44 

HjAsSjO 

6-30 

6*5fi 

7*10 

HjAsS, 

5-96 

6-24 

G-92 


Dhur shows that with the increase in the number ofsul- 

Airrl haifnp of vanous thioxy and thioarsenic acids, the second and 

howSmh^"K°“ are obtained at a lower pH value. The e cer i«S 

decompose to give sulphur, whilst others 

Further thesi data >! ""“o ® sequence is disturbed, 

these acids Itis nld tW r®”P calculate the dissociation constant of 

so that the first half neuSr^ "P^ards with time, so much 

arsenate and NaHS solutinn ” P*k”* ^^.'■'^'earscnic acid (prepared by mixing 
to be at pH 5-96 higher thanT^ T w 

(pH 5-40 table 2) whilst tvl; . P the case of thioarsenious acid* 

The second and third Slf nemrSl?in f well known to be a stronger acid*, 
in all cases, as will be evident bv a arc, however, in the natural sequence 

half iieutralization points* of tWv ^ 

P ot thioxy and thioarsenious acids given below in tabic 2, 
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TABlB 2 



pH at half neutralization points 



I 

11 

III 

H^AsSOa 


7-25 

10-12 

11-35 

H 5 ASS 2 O 2 


6-75 

9-60 

11-02 

HjAsSgO 


5-48 

7-00 

10-68 

HjAsS, 


5-40 

6-35 

7-90 


This discrepency may be attributed to the following two facts:-— 

( 1 ) The formation of thioarsenate liberates more alkali than that released in the 
formation of thioarsenite as represented below: — 

NagHAsOa + 4NaHS = NugAsS^ +‘NaOH + 2 H 3 O 

Na^HAsO, + 4 NaHS=Na 3 AsS, + 3NaOH + HaO 

(2) The steps suggested in the formation of thioarsenate are slow. Hence in 
the titration OH- ions are simultaneously released, and this vitiates the results. 
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1. Let/(*)be a function of .v intcgTabk; (L) (m,’r(-Tr, ir) andhi* periodic 
with period 2 TT. Let its Fourier series be 

CO 

(1.1) 2 "o + ^ («« Gos nx + bn 'Sn' nx) 

Ual 

The conjugate scries of (1.1) is 

CO 

(1*2) ^ (h Cos nx « % Sin nx) 

I'lwl 


We denote by Sa (*) and ■» the pavtud sums of the Krties (1.1) atid /I 91 
respectively. \ / t .*/ 

We write 

<b{t) = i {t, x) I [/ (^; + t) / (a- . / , - 2,t |, 

(t, X) = H/(* + 0 “ / (^ - 01. 

Let 

T 

fn=fn (x) " J ^ (/). Got di, 

V" 

and put 


(l.d) / (*) = lim Jn (x) 

n-»oD 


whenever the latter exists. 

2 .. ™ a°W,?™S Z"'”'''” 


n 

5 I 5 V - 

v=o 


: 0 («) 





For the Fourier series Wang [7] proved the following theorem. 

Theorem A. If 

t 

^ I (a) J dtt =a 0 r ^ - T as f 0, 

n L(log --) J 

for some a >|, then (LI) is summable to the sum 5 . 

Analogous theorem for the conjugate series (1.2) has been proved by Singh [8] 
as follows. 

Theorem B. If 
t 

I \ii {u)\du = 0 r,, — — rT ^ 0 

/ L(iog j/t>j 

for some o>i, then the series (1.2) is summable to / (x) provided that the limit 
(1.3) exists, 

Ihe object of this paper is to extend the scope of these theorems. I shall show 
that these theorems are the special cases of the theorems 1 and 2 proved here, 

I prove the following theorems. 

<0> 

Theorem 1. If 

t 

J" [ <#» (m) ) = 0 [ i K (0 ]» as f 0 

0 

where K{t) is a positive function of t, such that 
(i) K, (^) — > 0^ as t ■— > Oj 
ii) K (t) is monotonic in (0, <5), 

(iii) J ^ O (1) 

0 

where S is small but fixed, then the series il.l) is summable to the sum s. 
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theorem i 1/ 


t 


J I (u) I du a [ i K. (i) ], 


UH I -■> 0, 


wAere K(l) is as in Theorem i, then the series (IJ) is smnmabk 11^ in J ix) firmided ihai 
the limit (l,3) exists » 

I am deeply indebted to Professor B. N, Prasad for lus kiiul liel|) and advice tti 
the preparation of this paper. 

2. I shall need the following lemmas to prove the theoretn;^. 

Lemma 1 [7] If 

t 

J I (u) I du ^ 0 (t\ as i 0 
0 


then 


S / 

pv ^ 1 “ tt’ j a» n'v- dll fi (n) 

v=o ,V^ 1/,, 

where 8 is small but fixed. 

Lemma 2 [8] If 


t 

J 1 ^u) I du m 0 (i)^ mi ^0 
0 

then 


" I 

v=l 


1/. 


Sin n (u~t) 


u - 1 


du + 0 (n) 


where 5 is small but fixed. 

3 . PROOF OF THEOREM 1 

Since K {t} 0 , as i ^ 0 under the hypothesis (i), J | ^ f„) | 

0 
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Hence by Lemma 1, we have 




It follows from the hypothesis that 


j S^(“) 


Sin n(u~ i) 


du + 0 (n), I 


Va L */o -- 


= 0[«.o { t.K{t) }] 
= o[ n < K (/)] 


Hence we get 


{3-2 ) ■«) dur^o nf I <#.(/} I 

If now § (t) = 1 <^> («) I du, then we have 


(3.3) J 1 1 K (0 = r $ (i). -f-'f - (<). ^dt (t). dt, 

1 / •* 1 / 1 / 1 / 




O (1) + O I K (/). K'(<) \dt + O 


(0 


By hypothesis (ii) K (/) is monotoniCj so its diflferential coefficient is of constant 


Hence we have 


L S 1 f ^ 

J I K*«) K'{t) ]dt = O I / i ( K*(0 ) dt 1 

a ^ n MU'' 


O ■ K»(t) 
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Also by hypothesis (ni) 


Hence we have 



ICa (i) 
t 


dt 


O (1) 


8 

(3.4) J|<?.(OI^~^ ^< = 0(1) 


The theorem follows from (3.1), (3.2), and (3*4). 

4. The proof of theorem 2 is similar to that of tlieorem 1 . 

5. Now we see that the theorems A ami B are the .sjmi-i.tl oair'i nfritnamiH I 

and 2 respectively. Because iu these theorems K(t) ^ ^ , whii h i-i ;«>-iitivr tfinl'i 

10 zero with t and is monotonic in (0, 8J also 



?^*i) 

I 


■dt 



dt 

(log 



log J'8 

ns O (1), .siuf.C « >f, 

All the conditions are satisfied, henc<; tlu; theorems follow. 


6. It can be seen that the conditions on K (t) art* satisfied even if we take 

I 


(«) K (0 


(logj-) ’ log log l/t ) 


(6) K (f) = 


{0 K {t) 


and so on. 


( log log log-^ ) ^log log log y 


(logilog log i log log log yi^ (lug log log log j 


">J. 

« > i 
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Tt of inolylideumu snlpUiiti! liy diH-ittnptMinK lit lliuxiili with iu hU Inn hrrn ntnilinl, 

mmpiintnl only wlirit ihfi ntn.Hmojnf addnl NwItS 
soS ‘!.n n* W ’'"I*'”! «'< '"«V ‘•wnnlrfrty ttiaphn o all the 

ohiir th-fn ■ ,'n* ^'"‘'^*^'■1' molybdenum hiw lifi'ti »hovvo til itm'it>itrttr wiiii (mn r •*»!» 

phur than which conforms to the formula MoSa ptwil.ly hmm a e,mn*o.udon UloS^.U .S,tl < >' 


In previous communications' •» from this laboratory results on tl.r stutly of 
thioarsemtes and thioarsenatea have been reported. The present paper tlcals with 
a similar study on thiomolybdates. 


In has been found that molybdeum sulphide is completely precipitated from 
decomposing its t'lnosalt withLid/ wl.en dm am.m^ 
sufficient to give a ratio of Mo:S ildl in the 
nlm n’ V ^ required to form MoSa. Further, moly hde- 

formula MoR* P'^ecipi‘ated with more sulphur than which cotifiirms the 

lormula MoS,, possibly having a composition 3MoSa.liaS;I I|0* 




and was prepared 


Precipitations by varying amounts of NaHS :— . 

:z .'“'rs'' 

fiS; weighed pump by suction and theb in a vacuum desiccator 'and 
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•* t below (table 1) show that molybdenum is com plctly preci- 
pitated when Mo:S=l;8 in the system. i / i 


TABLE 1 


0-05 NaHS added (c.c.) 

2N HGl added (c.c.) 

Amounts ppted (g.) 

5 

15 

0-0080 

10 

20 

0-0178 

15 

25 

0-0290 

20 

30 

0-0360 

25 

35 

0-0442 

30 

40 

0-0474 

35 

45 

0-0504 

40 

50 

•0'0522 

45 

55 

0-0520 

50 

60 

0-0524 


Precipitations by varying amounts of HCl ; 


„ experiments, the solution containing thiomolybdate (10 c.c of 

0-025 M sodium molybdate ■+■ 20 c.c. of O'l M NaHS) were acidified with varvint* 
amo™,. of 0-05 M HOI and left overnight. 2 o.e. of' 1,. BaCI. Volo.ron wlt S 
added in each case to coagulate the precipitates completely. The precipitates thus 
obtained were filtered through weighed sintered glass crucibles (G. 4) washed 
tooroughly with water, alcohol and ether and weighed after suitable treatment, 
ine final pH of these solutions was also noted. The results are given in Table 2. 


TABLE 2 


0*05 HGl added (c,c.) 

pH 

Amounts ppted (g) 

40 

5-80 

0-000 

42 

5-32 

0-000 

45 

4-52 

0-0260 

46 

4-46 

0-0366 

47 

4-32 

0-0518 

48 

4-20 

0-0544 

49 

3-68 

0-0576 

50 

3-18 

0-0550 

52 

2-85 

0-0530 

55 

2-65 

0-0570 
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table 2 shows that molybdenum sulphide is prccipiUited when uhmU 9 equi- 
valents of HGl have been added, i. «. when only mie sodinu. is left unneutndijce.d. 
But there is also large amount of adsorption of Biv" inns under such etmduuiiM, so 
that the results obtained arc not in any definite order. 


Composition of molybdenum sulphide ppt i 

The percentage of molybdenum in the precipitates of molyhdetjum sulphide, 
as calculated from table 1. is 45-93. It suggests the fonmihie : 

MoSa.HaO, 2 M 0 S 3 .H 3 S, or 2MoS,.S with of Mo as 45*71, 4.5*93 and 4(i-15^ 
respectively. 

Taimni and AgarwaP have however given the formula of the precipitate to be 
M 0 S 3 . 2 HP. FeigP reports that molybdenum precipitates with more sulphur than 
required by the formula MoS,, possibly a.s MoSj-.S^. It was therefore considered 
desirable to determine sulphur in the precipitates of molylKlemim sulphide. Sul- 
phur was oxidised by bromine (GOl* sol.) and cone, nitric, acid. Drastic treatment 
was required to get molybdenum sulphide in solution. It was then precipitated 
and estimated as barium sulphate. The results arc given in talde 5. 


TABLE '.1 


Amounts of sulphide 

wt. of the ppt 

Sulphur tlalc. g. 

% 

ppt taken g. 

BaSO, g. 



0-0990 

0-3654 

0*0501 

50-04 

0*1258 

0-4648 

0-0038 

.50-7.n 


This suggests a formula 3 M0S3.H3B.HjO containing .Ss!?<59‘93%, and Mo«» 
45*85/.. It closely agrees with the experim ental results. 
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ABSTRACT 

The reaction between molybdate aad NallS has been shovva to proceed through a set of ionic 
reversible reactions, forming a series of thioxy and thiomolybdate compunds. The special feature of this 
reaction is that molybdenum forms a number of thiosalts, viz:, NaaMoSi, NaiH^MoSij and NasHaMoSg; 
but molybdenum is completely precipitated only from the thiomolybdatc NasHiMoSg. Further, in 
alkaline medium the reactions are never complete^ and the formation of thiomolybdic is favoured by 
the increasing acidity of the tnedium, which also suppresses the dissociation of thiomolybdic acid, 
forming HioMoSa molecules, which decompose to give a precipitate of molybdenum sulphide and HaS. 
Before molybdenum is precipitated it also gives two coloured thioanions (HeMoSs)^- and (HsMoSs)**" 
having yellow and orange red colour respectively, 

u precipitation of molybdenucn sulphide has been studied, and 

It has been observed that precipitation occurs in the acid medium, due to the 
decomposition of thiomolybdic acid. The present paper deals with the physico- 
chemical study on the formation of thioxy and thiornolybdates, and their decompo- 
sition by acids precipitating molybdenum sulphide. 

It has been found that the reaction between molybdate and NaH3 occurs in 
a number of steps, forming a series of thioxy and thiomolybdatc compounds. The 
special feature of this reaction is that molybdate form? a number of thiosalts viz. 
NaaMoS 4 , Na^H^MoSg, and NagH^MoSg, but molydenum is completely precipitated 
only by decomposing the thiomolybdatc NagH^M^Sg with acid. Further before 
molybdenum is precipitated, it gives two coloured thio anions (HeMoSg)^- and 
" (HgMoSg)®" having yellow and orange red colour respectively . 


RESULTS AND DISCUSSION 
Formation of thioxy and thiornolybdates :~ 

(4) pH measurements : 

A solution of 0’05 M sodium molybdate (2 c.c.) was mixed with varying 
amounts of 0*05 M NaHS solution, and the total volume raised to 50 c, c. and the 
pH measured. The pH of the corresponding amounts of NaHS solutions was also 
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hoted for comparison. The results arc fjraphically represented in FSg.l , which shows 
that the pH of solutions goes on increasing with eacii juldiiion (*f Nal lS, until eight 
equivalents have been added, when the curve becomes almost constant. It also shows 
that some OH" ions are released by the interaction of molybdate and sodium hydro- 
sulphide 



(■B) Cottductonutric m$asurtmtnts : 


NallS ta 

wire with an audio-frequency oscillator Thi* r-n L. N, Kcdilrausch slide 

amounts of NaHS wer^ also ^recorded ’ valuM of corresponding 

diflference between the observed and the s^m of ^ 

date and corresponding amounts of NnH"; a ™ ^ conductance of sodinmmolyb- 

NaHS. ^ NaHS have been plotted against the amounts of 


thus suggests the stepwise formatio^oS ^ ndded.St 

compounds. “ tormation of a senes of thioxy and thin molybdate 


M NaHS solution in varies '^Th ”1? 

oswi.i to aj. ibc tluoxy and thio- 
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molybdates so formed were acidified with varying amounts of 0-05 M HGI solution, 
and pH and conductance of the solutions measured. The total volume was kept 




0 2 4.6 8 

' Equivalents of NaHS 
Fig. 2. 

c,c. in each case. All the measurements of conductivity were 
\t results are graphically represented in Figs. 3 and 4. 



^ V3]l 


4 5 6 7 8 9 

Equivalents of HGI added 
Fior. 3. 


Fig. 3 shows the pH titration curves of thioxy and tina salts nf imilyhdrntim 
with hydrochloric acid. In general in all cases only one inilcxinn is well marked- 
the rest being so closely situated that nothing otn be made out. ‘ ’ 



Equivalents ofHCl added 
Eig. <1. 

in ‘fe^iiitiaTslagSTemlln «'t»diictimoe valties 

until all the sodium present t wl, ‘ ^ ‘ i ^ rise very slowly 

ma^v rise steadily. ’ InTurvc^fron? lui ther twldilitm 

may be said to appear where 1 c c of the nrin' vf' i * ^ *'‘’wever si initiiniiuti 
of these curves remains essentiaUv the same^n! i ‘ f ««‘‘tre 

-d thioarsenates* i.s. the titratioi/curve'of terk 

Colonmetfic study of the decomposition of thiomolybdate with HCl : 

tuJ°™°^vf® sSon^cfegesTom*^i n solution of thiomolybdate, the 

was also ad^^ a amounts of hydrochlorie ^ was prepred and 

« 50 c e 2 coagulate any molybdenum * ' mi'"’ solution 

• •meaeh case, Next day fo c c ofthi^oi^f* ‘^’•^1 '^olu«w* was kept 

y c.c.ot the solution was taken out, centrifuged 



to clear off any suspension and diluted to 50 c. c. The intensity of the colour 
of the solutions was measured by a klett Summerson Photo-electric Colorimeter, 



Fig. 5. 

(Na. MoO* -f NaHS) Mixtures 

using blue filter No. 42. The results are given in fig. 5, which shows that in 
each case two maxima are obtained, one at about _6 and the other at 8 equivalents 
of HGl, corresponding to four and two unneutralised sodium atoms in the solution. 
It thus indicates that thiomolydate forms two coloured thioanions (H^MoSg)^* 
and (HgMoSg)®- having yellow and orang-red colour respectively, before molybdenum 
sulphide is precipitated. 

Thus the formation of thioxy and thiomolydates can be represented by the 
following set of ionic reversible reactions. 

MoOg“-+HS- # MoSOg»- + OH- 

MoSOg"--f-HS- ^ MoSgOg+OH- 

' MoSgOg2--hHS- ^ MoSaO*-+OH- 

MoSgO^-+HS- MoSg»-+OH- 

MoSg*-+2HS" ^ HgMoSg*- 

HjMoSg«-+2HS- ^ HgMoSgO- 

It is to be noted that in the first four steps OH“ ions are released at every stage 
of the reactions, i.e. with increasing acidity the formation of thiomolybdates is 
enlianced. But very few OH" ions appear to exist in the free state in their solutions, 
so that the conductometric titration curves (fig. 4) do not show any well-marked 
drop in the initial stages. It is because of the reversibility of the reactions, so that 
the reaction proceeds to completion only when the OH“ ions arc taken away from the 
system by adding acids. With gradual addition of acids it forms two coloured 
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thioanions HjMoS/- (yellow) and UnMoRg** foratigc-iTii) Iwfore jnolyhdrrmm snlpliidd 
is precipitated. With further increase in hydrogen ion ('oiuTniration, ihr dissoda- 
tion of thiomolybdic acid is further suppressed, liiially giving unilis‘iO(;i.vied iluonui- 
lybdic acid molecules, which being uimtaljlt! ileronijiiwf iiiimrdi.»U''y m give a 
precipitate of molybdentim sulphide and lIjS is liheruied. 

HioMoSh = MoSj,+5lt,S, 

It is further of interest to note (hat molybdemnn is f.ipaldr ol forming a series 
of thiomolybclates having four, six and eight atoms of sulphur In their niolrenles. 
It is quite natural because molybdenuni is wt'll known to Idrtn t timpoiintls with 
coordination numbers 4, 6, and 11, and can < xpaiid its shell to aeeomod.tte as nutny 
as 16 shared electrons i.r., its maximum covalene.y can he raised to eiglit. ,'\ theo- 
retical explanation of this phenomenon can lie had hy e.cnsidrring tlie electronic 
structures of molybdenum and its compounds. 


K L 

M M 



i) 



P 

d 

,f /. 

Mo (42) 2, 8, 

18, 2, 

(,) 

0 G 0 © 0 

<•3 

Mo (VI) 2, 8, 

18, 2. 


O t) o o O 

i,) 

Thus the lowest orbitals available for 
numbers 4, 6, and 8 will bo as follows : 

a Mo (VI) 

t'omputul fill- eo-ordinatiou 

Co-ordination 

No. 

Availjil;)k orl 


t Coiilignr.uioii, Structure 

4. 

4d''*5i' 


dh 

I Ol 

or 



I’lanar 

6, 

id^5sp^ 


dhp» 

()<iahri!nit 

8, 

4d‘5.v/ 





1 Ji these four six and eight coonlinaiion eomtioniuis of 

molybdenum, a coinpound having maximum number of filled d orbitals ear lie had 
only when- its co-ordination number is eight. ^ 
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STABILITY OF LYOPHOBIC SOLS 

PART I. INFLUENCE OF THE NON - ELECTROLYTES, ACETONE 

AND ETHYL ALCOHOL 


By 

GUR PRASAD and SATTOSHWAR GHOSH 
Chemical Laboratories^ University of Allahabad ^ Allahabad 
[Received on 22nd August, 1960] 


ABSTRACT 

Negatively charged MnOg sol of different average particle siises was prepared and the cocgulation 
with potasium nitrate was studied in presence, of different non cletrolytcs. It has been observed that ethyl 
alcohol and acetone sensitize the sol and the sensitization is in the order : acetone > ethyl alcohol. Ihc 
degree of sensitization increased with the fineness of the dispersed particles and with the increasing 
concentration of added non electrolytes. It has been concluded that in the presence of ethyl alcohol and 
acetone, the adhesive tendency of the surface of disjxrsed particles increases, which enhances the 
frequency of cdlisions resulting in sensitization. 


INTRODUCTION 

Kruyt^ and Duyn^ noted that isoamyl alcohol sensitized As2Sa sol towards 
mono-and trivaknt coagulating ions but stabilised it towards divalent ones. 
Jancck and Jirgenson^ noted that small amounts of alcohol sensitized AsaSa sol, 
while higher concentration stabilised it. Ghatterji and Tewari,^ reported that ethyl 
alcohol sensitized hydrous ferric oxide sol for KjSO^ and As, ^83 sol for BaClg. We 
have studied here the effect of ethyl alcohol and acetone on the negatively charged 
Mn02 sol for KNO3 as the coagulating electrolyte. It was noted that sensitization 
is remarkably affected by the time of observation. We have, therefore, determined 
the coagulation values for infinite time in order to eliminate the time factor in the 
process of coagulation. Moreover, the surface of the dispersed material is also 
important and hence the effect of particle size has alfo been studied. 

EXPERIMENTAL 

Negatively charged Mn02 sol was prepared by treating OTM KMn04 with a 
dilute solution of HgOa so that a slight excess of permanganate was left over. The 
sol was purified by dialysing it for about a week in a cellophane bag. It was 
centrifuged in a Sharpie’s super-centrifuge at three speeds 6,000 r. p. m„ 14,000 
r. p. m. and 22,000 r. p.m., to have three samples A, B and G respectively with, 
different average sized particles. The content of Mn02/iit was made the same 
in all samples (0*6667 gms of MnO 2/lit) by dilution whenever necessary. 

2 ml of the sol was taken in one set of test tubes. Different amounts of 
coagulating electrolyte made upto 13 ml with distilled water were taken in another 
set and kept in a precision thermostat at 35’00 i 0‘05®G, till they attained the 
temperature of the bath. . The contents were mixed and left immersed in the 
thermostat undisturbed. The time of complete coagulation was noted at the point 
of visual separation of clear liquid at the upper surface of the test tube. The 
coagulation value for infinite time has been obtained by extrapolation, 
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in the following table wc arc reproducing ion'ic of cnir rc«ultj on tiui icnsUb- 
ation of sol A by ethyl alcohool and acetone towards Im coagnlatioii by diHercoit 
quantities of 0*02 N KNO3 solution* 


TABLE I 



Time of coagulation i x 


0'02 NKNO 3 ml. 

No non-electrolyte 

3-0% Ethyl 
alcohol 

3*0 

:i acetone. 

8-0 

2-000 

1-310 


0-480 

7-0 

2-340 

1-520 


0-600 

6-0 

2-580 

2-010 


0-910 

i-0 

3-260 

2*500 


1-150 

4-0 

4-560 

3-480 


1-5611 

3-0 

5-495 

4-1 15 


2-370 

2-0 

6-250 

4-900 


3-830 

1-0 

12-300 

10-000 


.5-780 

In Tables II-IV, the values of (time 
amounts of coagulating electrolyte. 

of coagulation) '* 

are given 

ftir different 


table 2 



0-C2N NKOg ml. 


l/t X lO'* Second* 



‘ 



Sol A 

Sol B 


vSoi c: 

8‘0 

5-000 

4-717 


4-587 

7-0 

4-274 

4-065 


3-876 

6-0 

3-876 

3-846 


3*676 

5-0 

3-067 

2-959 


2-857 

4-0 

2-193 

2-137 


2-083 

3'0 

1-819 

1-783 


1-745 

2-0 

1-600 

1-570 


1-541 

bO 

0-813 

0-802 


0-804 
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TAbLE 3 



l/t X 10^ seconds 

0-02N 

Concentration of Ethyl Alcohol 

KNOg 

ml 

1-0% 

2-0/„ 

1 3-0% 


Sol A 

Sol B 

Sole 

Sol A 

Sol B 

Sol G 

1 Sol A 

Sol B 

Sole 

1 

8*0 

6-993 

6-110 

6- 173 

7-299 

6-711 

6-452 

7-634 

6-944 

6-667 

7-0 

6-135 

5-714 

5-525 

6-369 

5-917 

5-714 

6-579 

6-098 

5-882 

6-0 

4-695 

4*444 

4-329 

4-831 

4-566 

4-444 

4-975 

4-673 

4-545 

5-0 

3-817 

3-650 

3-571 

3-906 

3-731 

3-650 

4-000 

3-802 

3-717 

4-0 

2-778 

2-688 

2-646 

2-825 

2-732 

2-681 

2-874 

2-770 

2-725 

3-0 

2-364 

2-294 

2-262 

2-398 

2-331 

2-299 

2-433 

2-358 

2-326 

2-0 

1-992 

1-946 

1-923 

2-016 

1-969 

1-942' 

2-041 

1-988 

1-965 

1-0 

0-988 

0-976 

0*970 

0-994 

0-982 

0-977 

1-002 

0-990 

0-934 


TABLE 4 


1/i X 10* seconds 


0-02N 
KNOs , 
ml 

Concentration of Acetone 

1-0% 

2-0% 

3-0% 

Sol A 

SolB 

Sol C 

^ Sol A 

SolB 

Sole 

Sol A 

SolB 

Sol G 

8*0 

17-240 

14-290 

13*]60 

18-870 

15-380 

14-080 

20*830 

16-670 

15*150 

7-0 

14-290 

12-200 

ll-3(,0 

15-380 

12-990 

12-050 

16-670 

13-890 

12-820 

6-0 

9-901 

6-850 

8-403 

10-420 

9-259 

8-772 

10-990 

9-709 

9-174 

5-0 

8-000 

7*299 

6-993 

8-333 

7-576 

7-246 

8-696 

7-874 

7-519 

4-0 

5-988 

5*587 

5*405 

6-211 

5-780 

5-587 

6-410 

5-952 

5-747 

3-0 

4-049 

3-86] 

3-774 

4-132 

3-937 

3-846 

4-219 

4-016 

3*922 

2-0 

2-551 

2-475 

2-439 

2-577 

2*500 

2-463 

2*611 

2-532 

2*494 


1-701 

1-667 

1-650 

1-715 

1-681 

1-664 

1-730 

1-695 

1*678 
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a tk coagulation value for infinite time may be taken us u mrusure nftlie 
Af tlie snl. In the followini! tabic we nresmt the values nl «. 


stability of the sol. In the following tabic wc 

TAULK fl 



Bhattacharya d aP- gave an empirical equation 

C 33 ” ^ 4, 1 - 

c-a m 

Eq. (t) has been found to agree well with the cxperimenlul dutn. The vulue* of 
i/(«-a) and t are given in the following table. 


TABLE r, 


Sol A + 0% non-electrO" 
lyte 

Sol A + 3*. 
alcohol 

Ethyl 

Sol A -h 

Acetone 

li(c-a) X 10-* 

E X 10-* 

I/(r-a)xUH 

1 X lO-'^ 

l/(« 0 ) X 10 > 

t X 10- 

eq/lit 

seconds 

eq./lit. 

seconds 

pqjlit. 

seconds. 

10-26 

20-00 

10-12 

13-10 

10-00 

4-80 

11-83 

23-40 

11-66 

15'2() 

11-48 

6-00 

13-99 

25‘80 

13-74 

20*10 

13-50 

y*io 

17-09 

32-60 

16-72 

25-00 

16-37 

11-50 

15-tiO 

31-98 

45-60 

21-37 

34-80 

20-79 

30-77 

54-95 

29-59 

41*15 

28-49 

23-70 



The scojpe of tiie straight line (fig. 1) obtained by plottittg against i 

gives the value nim and the intercept on l/(C'-a) axis gives 1/m, The values obtained 
for sol A are recorded below : — 


TABLE 7 


Non Eletrolyte 

l/m 

m 

nIm 

n 

No non-electrolyte 

25-0 

0-040 

0 0425 

0-0017 

3*0% Ethyl alcohol 

30-0 

0-033 

0-0550 

0-0018 

S'O % Acetone 

50-0 

0020 

0'0950 




Figure L 

Curve A ; Potassium nitrate 4“ 3*0 % Acetone ; 

Curve B : Potassium nitrase + 3*0 % Ethyl Alcohol; 

Cuivc C : Potassium nitrate + No non-electrolyte. 

RESULTS AND DISCUSSION 

It is clear from Table 1 that the extent of sensitization is more remarkable 
when the time of coagulation is small than that observed when the time of coagul- 
ation is large as brought about by smaller amount of coagulating electrolyte. 

A pursual of table 5 reveals that the sol with average finer particles is more 
stable than with average coarser ones. The order of stability is sol G > sol B > 
sol A. 
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6otb acetone and ethyl alcohol sensltiw, ticgatlvoly chnrficcl MnO, m\ niul the 
order of sensitizing power is acetone > ethyl alcohol. I'tuthor the tlcgrce ot 
sensitization is more pronounced with the S(»l containing average. I ncr partuden than 
with the coarser ones. The sensitization, however, iucreHse„s with the lucrc.vsc of 
added non electrolyte from TO % to 3'0 %. 


It will be seen from Table 7 that m of ctpintion (i) decrease while « increases 
in presence of cither ethyl alcohol or acetone. CHiosh d nP have shown that n may 
be taken as equal to l/f where T is the time taken for coagalatum at a sntlicicntly 
high concentration of added electrolyte. According to Hm olnchow-ski : 


T « 1/(8 ir D t «o). 


In the presence of small concentration of non^ electrolyte /) and remain 
almost unaltered. As n increases in presence of non-cletrolyte, we infer that T 
decreases and the decrease of T is possible if the ellV.ctive distance td’ attraction r 
increases. We conclude that in the presence of ethyl alcohol and acetone the 
adhesive tendency of the surface of dispersed particles increases which cnlianccs the 
frequency of collisions resulting in sensitization. 


ACKNOWLEDGEMENT 

One of the authors (Gur Prasad) thanks the Council of Scientilic and Intlnsirial 
Research, for the award of a Junior Research Fellowship. 


REFERENCES 

1. Bhattacharya, A. K. and Kumar, R., J. Irul, Chom. A'm,, 28, 17!t, till!! (t'lAll, 

2. Chatterji, A. C. and Tewari, P., J. M, Chm. Soe., 31, il6t, ( 

3. Ghosh, B. N. and Gangopadhya. A. K„ J. hi Chm. Sm, 3«. H 1 1 ( infi!!). 

4. Janeck, A. andjirgenson, B„ 41, 331 (1927), 

5. Krayt, H. R, and Von Duyn, C. F., KoMl Ckm. Btiluifit, S, W ( li) 14). 


[ 192 ] 



STABILITY OF LYOPHOBIC SOLS 


PART II. INFLUENCE OF THE NON-ELEC FROLYTES, GLUCOSE, 

UREA AND GELATIN 


By 

GUR PRASAD and SATYESHWAR GHOSH 
Chemical Laboratories^ University of Allahabad, Allahabad 
[Received on 22nd August, 1960] 

ABSTRACT 

The coagulation of negatively charged MnO^ foI of different average particle sizes by KNO 3 has 
been studied in the presence of different non-electrolytes viz.y glucose, urea and gelatin. It has been 
observed that these stabilize the soL The order of stabilizing power is gelatin ^ urea glucose. The 
degree of stabilization increases with the fineness of dispersed particles and with the increasing concentra- 
tion of added non-electrolyte. It has been concluded that the adhesive tendency of the surface of 
dispersed particles decreases in the presence of said non-electrolytes, resulting in stabilization. 


INTRODUCTION 

Keesom^ observed that urea and glycol stabilise sol towards electrolytes. 
Mukerjee® found decreasing cataphoretic speeds of colloid particles of AsgSs sol in 
presence of sugar. Jirgenson^ found stabilisation by urea, acetamide and formamidc 
on different sols. Sen® observed stabilisation of Mn 02 sol by sugar. Here we have 
studied the influence of urea, glucose and gelatin on the stability of an MnOji soL 

EXPERIMENTAL 

Three samples of negatively charged MnO^ sol were obtained which contained 
different average sized particles. The samples A, B and C contained 0*666 gm. 
Mn 02 /lit. the time of complete coagulation was noted at 35*00 ± 0*05®G for 
KNO 3 as coagulating electrolyte with and without the addition of glucose, urea and 
gelatin. The experimental details are given in Part I of the series.’ 

In the following table we are reproducing a some of our results on the stabili- 
sation of sol A by glucose, urea and gelatin towards its coagulation by KNO 3 . 


TABLE 1 


0 - 02 N 
KNO 3 ml. 

Time of coagulation t x 10"^ seconds 


No non- 
electrolyte 

3-0 % 
Glucose 

3-0% 

Urea 

0-03 % 
Gelatin 

8-0 

2-000 

2-460 

3-060 

5-879 

7-0 

2-340 

2-580 

3-340 

7-018 

6-0 

2-580 

2-970 

4-210 

9-615 

5-0 

3-260 

3-630 

5-400 

16-610 

4-0 

4-560 

5-120 

7-310 

22-730 
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In Tables 2— -5 the values of of coagulation) arc given for tlill'creiit 

amounts of coagulating electrolyte, 

TABLE 2 


0’02N KNOa ml. 


Iji K HfCOfids 


Sol A 

Sol B 

Sol G 

8-0 

5‘000 

4-717 

4-587 

7-0 

4-274 

4*065 

3-876 

6-0 , 

3-876 

3*846 

3-«»76 

5-0 

3-067 

2-959 

2-837 

4-0 

2-193 

2-137 

2*083 

3-0 

T819 

T7«3 

1-745 

2-0 

1-600 

1-570 

1-341 

I’O 

0-813 

0-B02 

0-804 


TABLE 3 





l/< X 10* secoifd# 





0-02N 

*• 


Concentration of Glucose 




KNO3 












ml. 


1*0% 



2-0 % 



3-0 % 



Sol A 

SolB 

Sole 

Sol A 

Sol B 

Sol G 

Si)l A 

Sol B 

Sol C 

8*0 

4-802 

4-388 

3-770 

4-761 

4-346 

3-733 

4-650 

4*230 

3-612 

7-0 

4-001 

3-562 

3-356 

3-960 

3-521 

3-311 

3-876 

3-411 

3-201 

6*0 

3-452 

3-011 

2-880 

3-412 

2-970 

2-822 

3*376 

2-880 

2-712 

5-0 

2-842 

2-421 

2-156 

2*801 

2-366 

2-114 

2-755 

2-256 

2-005 

4-0 

2-026 

1-700 

1-506 

1*988 

1-663 

T466 

1*953 

T535 

T346 

3-0 

1-331 

1-019 

0-849 

T263 

0*972 

0-802 

1*161 

0*861 

0*700 

2-0 

0-710 

0-568 

0*466 

0-690 

0-522 

0-422 

0*580 

0-412 

0*310 


-f| 
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TABLE 4 


Ijt X 10^ second 


Concentration of Urea 


KNOs 

ml. 

1-0 % 

2-0 % 

3-0 % 


Sol A 

Sol B 

Sol G 

Sol A 

SolB 

Sol G 

Sol A 

SolB 

Sol G 

8-0 

3-378 

3-356 

3-333 

3-322 

3-300 

3-274 

3-268 

3-240 

2-866 

7-0 

3-077 

3-058 

3-040 

3-030 

3-012 

2-994 { 

2-994 

2-851 

2 698 

6-0 

2-433 

2-415 

2-404 

■ 2-404 

2-387 

2-370 

2-375 

2*156 

2-002 

5-0 

1-887 

1-876 

1-869 

1-873 

1-866 

1-859 

1-852 

1-610 

1-495 

4-0 

1-389 

1-383 

1-379 

1-379 

1-376 

1-372 

1-368 

1-188 

1-026 

3-0 

0-770 

0-701 

0-612 

0-760 

0-652 

0-581 

0-750 

0-631 

0-541 

2-0 

0-361 

0-300 

0-291 

0-352 

0-281 

0-260 

0-301 

0-255 

0-235 


TABLE 5 


0-02N 

KNO3 

lit X io« 

Concentration of Gelatin 

ml. 


0-01 % 












0-02 % 



0-03 % 



Sol A 

SolB 

SolG 

Sol A 

SolB 

Sol G 

Sol A 

SolB 

Sol G 

8-0 

1-901 

1-832 

1-601 

1-812 

1-660 

1-466 

1-701 

1-504 

1-320 

70 

1-642 

1-471 

1-255 

1-560 

1-336 

1-140 ^ 

1-425 

1-200 

1-004 

6-0 

1-206 

1-043 

0-894 

1-14/ 

0-961 

0-882 

1-004 

0-775 

0-625 

5-0 

1 0-941 

0-722 

0-502 

0-750 

0-534 

0-461 

0-602 

■ 0-456 

0-351 

4-0 

1 

0-550 

0-360 

0-286 

0-450 

0-266 

0-220 

0-440 

0-250 

0-204 

3-0 

0-301 

... 

... 

0-251 

— 


0-210 

... 

... 
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The coagulation value, for infinite time may he taken nti a nicaauir f»i' the 
stability of the sol. In the following table wc present the values of a kmgul.itiof, 
value for infinite time). 


TAKLE C 


Non-electrolyte 


ami. of0‘02N KNO, 



Sol A 

Sol B 

Sol G 

No non-electrolyte 

0*50 

0*55 

0*80 

3*0 % Glucose 

0*70 

0*80 

0*90 

3*0 % Urea 

1*00 

I'lO 

1*30 

0*03 % Gelatin 

2*00 

2*20 

2* -10 


Bhattacharya et al^ gave an empirical ec[uati()n, 

c~a m ^ tn '•» iV 


Eq. (t) has been found 
of l/(c— -a) and t for sol A arc 


to agree well with the experimental data, 
given in the following table. 


'ITie values 




No non-electrolyte 

3*0 % 

Glucose 

3*0 

Urea 

H(c-a) 

XlO**! 

eq./lit 

t X 10-2 
seconds 

o I 

t X 10-» 
seconds 

l/(«-a) 

XlO**! 

eq./lit 

i X 10*** 
seconds 

10*26 

20*00 

10*54 

24*60 

10*99 

30*60 

11*83 

23*40 

12-21 

25*80 

12*82 

33*40 

13*99 

25*80 

14*51 

29*70 

15*38 

42*10 

17*09 

32*60 

17*89 

36*30. 

19*23 

54*00 

21*98 

45*60 

23*31 

51*20 



25*04 

73*10 


fhC)3 % Gelatin 

X lO-i ' ^ ‘V 

eq./lit 


12*82 58*80 

13*99 65*10 

15*38 70*20 
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TAIll.B a 

Non- electrolyte 

1 jm 

m 

n/m 

n 

No non-elcctrolyte 

25-0 

0-0400 

0-0425 

0 '00 1700 

3-0 % Glucose 

24*5 

0-04082 

0-04125 

0-001684 

3-0 % Urea 

20-0 

0-0500 

0-03125 

0-0015625 

0-03 % Gelatin 

15-0 

0-06667 

0-0200 

0’0013334 



litnc X 10-2 (seconds) 


Figure L 

Curve A : Potassium nitrate 4 no non-elcctrolytc ; 

Curve B : Potassium nitrate + 3‘0% glucose ; 

Curve G : Potassium nitrate + 3’0% urea ; 

Curve D : Potassium nitrate + 0 03% gelatin. 

RESULTS AND DISCUSSION 

It is clear from table I that the extent of stabilization is more remarkable 
when the time of coagulation is large as brought about by smaller amounts of 
coagulating electrolyte. 

The order of the stability of three samples is Sol G> Sol B> Sol A. Glucose, 
urea and gelatin stabilize MnO^ sol and the order of stabilizing power is gftlatin> 
urea^> glucose. The degree of stabilization increases with the lineness of dispersed 
particles and with the increasing concentration of added non electrolyte. 

It will be seen from table 7 that m of eq. (i) increases, while n decreases in 
presence of glucose, urea and gelatin. According to Smoluchowski T=l/87rDf%, 
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Ghosh ^Z*,have shown that ^ may bn taken as rr|tial to I/Tl In tiif [irr^nicf. of 
small concentrations of added mm-elextrolyte /), atui % remain almost tmallrtta'L A 
decrease in the value of n or an Jncrme in the^valim rif 7" k iitlrilniied to a 
decrease in the value of r (elFective distance of attraethm). Wr*, ilirrrlbTr%, ermoliide 
that in the "'presence of^glucosej urea and gelatin llie suihrsivr trriilrney cd' 'the 
surface of dispersed particles decreases which h^wer« tiio freiittmey of eidlision Hifid 
results in stabilization. 
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absorptiometrig investigation of the reaction between 

HEXAVALENT CHROMIUM AND OXALATE IN PRESENCE OF 
manganous SULPBATE 


By 

DHIRENDRA NATH CHAKRAVARTY and SATYESHWAR GHOSH 
Chemical Laboratories, University of Allahabad, Allahabad 
[Received on 25th April, 1960] 


ABSTRACT 

mangan^''suTphat°e" SercontrTof The fcS.W the =‘“died by using the catalyst, 

compound in the system whirh , i ^ reaction mixture gives rise to a red coloured 

trivalerxt SP 500 TTmVam cnA f u detected as the tnangam-oxalate complex where manganeBe is 
standard voluL^T t>chaviour of the complex! 

for quantitative estimation of tlu^ rliftVr colorimetric determination are carried out simultaneously 
toe^plai7rmecCXfThTreaT?om“^ ^ has been put forwai 


INTRODUCTION 

The oxidation of oxalate by hexavalent chromium in the form of chromic acid 
has been studied by various workers and a thorough study of the reaction has 
already been made by us^ regarding kinetic constants of the system. The reaction 
between hexavalent chromium and oxalate is found to be catalysed by bivalent 
manganese. A closer study of the system reveals that the characteristics of the 
induced reaction is marked in the above case where the reaction between hexavalent 
cnrommrn and manganous ion is found to induce the oxidation of oxalate. It is 
a so hinted in our previous communication that the path of the chemical reaction is 
entirely CMnged by the introduction of the bivalent manganese in the reaction 
mixture, ine detailed mechanism involved therein has been discussed in the 
present paper. 

^ In the course of the study of th e influence of bivalent manganese on the re- 
action between oxalate and dichromate it is observed that the reaction mixture 
d^elops a purple colour which after becoming much intense, gradually fades away. 
1 ms observation clearly indicates the formation of som» unstable intermediate 
comj^und during the course of the reaction and identification of the above com- 
pound is made by the spectrophotometric measurements. 

^ Tri^^lent manganese in the form of the cation or coordinate complex radical 
IS reported m the literature.^ The species are said to possess a purple colour in 
solution Launer, Taube , Cabello,® Iber and Devidson,^® and many other workers 
investigated the physico-chemical properties of the purple manganioxalate 
CQmpiex. in all the above cases the less familiar trivalent state of manganese is 
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obtained by reducing some highcrvalcnt salt as tuanganrsi' dinxitir ur pnt.uwtum 
permanganate. But in our present investigation the n ival- til tu.uij;,u»->.ir is yu rpar- 
k without using any highcrvalcnt tnnngunese salt. Thr. purple folmuril itUn iuc- 
diate, generated during the course oi' the miction lielwe- ti lies.ivalnii chrumiutn 
and oxalate in presence of manganous sulphate is siispeetnl to hr a ci.mplrx of the 
trivalent manganese which has been verified spcctrophotoionrically. 


f Spectrophotometric Identification of tlie Intermediate CompleK : 

Reagents are prepared out of A. R. giade dieuiicals niul standardifinl by the 
usual quantitative methods. Equal amounts of oxaru': acid and potassium oxalate 
of the same strength arc mixed for obtaining the poias.siuni acid oxalate which is 
found to be an ideal source of the oxalate radical . 


Known samples of potassium manganioxalate i.s produced by tlie reaction 
between manganese dioxide and potassium acid oxalate, 'Hie ahsorpti-m maxima 
for the complex thus prepared, is obtained by using si I hiicsitn HI’ .htlfl Hjieciro 
photometer. 


Difiiculties arise in the spectrophotometric study due to the ctuititiuouH smd 
fast decomposition of the potassium mangaui-oxalate. The !tl«oi |»tion is efeienlially 
to be examined for different wave lengths for a coloured Kpec.ie.s having a cuiistaut 
strength for determining the maxima. Because it is not possible to perform the 
experiment with a single sample of the unstable complex, to a fixed immimt of 
freshly precipitated manganese dioxide a measured volume of jnitassium acid 
oxalate is added to obtain the clear purple coloured umugimi-oxahite sohuioti after 
a certain time lapse. Number of identical samples thus produced are useil at 
different wavelengths of the spectrophotometer at, the same time interval to com- 
plete the whole absorption curve. (Curve A, fig. 1). 


_ On locating the absorption maxima for the inangani-oxalate comjdex prepared 
from manganese dioxide, similar investigation is made fur the puride coloured 
intermediate cornpound formed during the course of the reaction between potassium 
acid oxalate and dichromate in the presence of bivalent manganese, 'riiembsorp- 
tion curve obtained in this case feurve B, fig. 1) shaw.s the maxima (point at 
Je same wavelength as in the first case. The diiferences in the total percentage 
fortt^dTtTn course, due to the difference in strengths of the manganioxalate 
Srfwnr •• Nevertheless, the coloured compound.^ are characterised by 

when they arc identical (457 m/i) for both the species, 
thereaSon^Wf hat the purple coloured compound gentraU-d during the course of 
f “if af ''“'u" dichromate in pr. scnce of bivalent 

rfE!’ '''' ^“ga-i-^alata »har« „.a„ga„ac i, 


^rimM.ic IiiveMlg„i„„oftheTrivaI.nt Mang»n<s.c Compki duebg 
Progress of the Reaction ; * » 


to be la^gely*^tave3tfg^er (kT^dt which is found 

vorkers overlooked S for^^ ” surprising that the early 

system, where bivalent intermediate manganic complex in the 

discussed incur previous communirnri A used as catalyst, The fact has been 
^ “'“’^“**^^‘1011 and there it has been also indicated, how 

f 200 3 



it is possible to visualise the complex. Unfortunately the usual volumetric estima- 
tion for the total oxidant present at any instance of the reaction is not able to point 
out separately the amount of trivalent manganese. For this reason the colorimet- 
ric estimations are carried out which quantitatively indicates the amount of com- 
plex generated at any time of the reaction. 



Fig. 1. Showing concurrent peaks of absorption for the trivalent manganese prepared from 
potassium permanganate and potassium dichromate as the oxidant. 


Complete reaction rate has been followed by the colorimetric estimation of 
trivalent manganese along with the iodometric estimation of the total oxidant 
present. 

The reaction mixtures are placed in a precision thermostat (Townson and 
Mercer Ltd.) kept in a temperature controlled room so that the variation of the 
temperature between the bath and the room is between 0‘1®G. Two Jena, bottles 
wrapped with black cloth to avoid photochemical effect, if any, one containing the 
oxalate and the dichromate and manganous sulphate, are first kept in the bath. 
When temperature is attained they are mixed together and time is noted. At 
different intervals of time 5 c.c. of the reaction mixture is pipetted out and are 
introduced to Klett’s tube for noting the absorption in the Klctt Summerson^s 
photoelectric colorimeter. Standard filter no, 69 (transmission 660-740m/A) is 
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used when the complete transmission take plivce f(»r the colours of hexavulent 
chromium and trivaleiit chromium and the. cidoritnetcr reads otily for tire iHirpU; 
coloured mangani-oxalate complex. The Colorimeter i.s previously standiirdiscd for 
this complex prepared from manganese dioxide ntid oxalate. 

As soon as the colorimetric readings arc noted the wJiole. solution is p<»ured to 
an acidified potassium iodide solution. It shoiiUl i>e tneniioued here that Irardly 
fifteen seconds are needed for noting the colorimetric^ readings and the time i» 
noted at the moment when the solution is tninsfermi from the tube to the iodide 
solution. 

From the absorption data the manganese present in the trivnlcnt form is 
calculated and from the amount of total oxidant, the value of the trivalcru manga- 
nese is subtracted to give the value for only highcrvalent chromium. This higher- 
valent chromium has been calculated as Ircxavalcnt in tcrm.s of chromium trioxide. 
The amount of oxalate lost is equal to the amount of oxidant used up and so tlic 
amount of carbon dioxide produced has been calculated from this data. In the 



Fig. 2. Progress of the reactiorr at a sulphuric acid medium of ().05 N. 


following tables columns ^ fi on .4 n „ 

trioxide, and carbon dioxide respectively chromium 

m fig 2-4. From these graphs h S b; sin thr^!? «« 

8 P ^ the progress of the ruction 
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j carbon dioxide continuously increases, the amount of heXavalent 
chromium decreases but the tnvalent manganese passes through a maximum. 



Time in minutes 


Fig. 3. Progress of the reaction at a sulphuric acid medium of strength 0- 1 N. 



Time in minutes 

Fig. 4. Progress of the reaction at a sulphuric acid medium of strength 0‘15 N. 



ilalio between oxalic acid and potasHiuin ox daie ... 
Strength of total oxalate 
Strength of potassium dichroni.atr. 

Strength of in mganoua sulpimte 
Temperature of the bath 
Factor of the colorimeter 


1 : 1 
H'di, M 

It ill M 
ifOOll M 


TAHf.K 1 


Concentration of the sulphuric acid ... D'dl) N 


1 

2 

3 

4 

5 

6 

7 

0-0 

0-0 

12‘00 

8 00 

(1-00 

20-(t() 

0-00 

2-0 

64-0 

1M2 

5*56 

«'70 

15-04 

0-73 

4-5 

65'5 

10'48 

5-24 

8-111 

14-.50 

1-2? 

9‘0 

66-0 

9-48 

4-74 

B-iia 

12-00 

2-10 

12’0 

66-5 

8-7(i 

4-3B 

9-04 

11-58 

2-70 

17-0 

67-0 

7‘76 

3-88 

9*11 

9-00 

3-53 

21-0 

67‘5 

7-04 

3-52 

9- in 

8-ii8 

4-13 

24'0 

68-0 

6*5G 

3-28 

9-25 

7-8ii 

4-53 

33-5 

66-5 

5-16 

2-58 

9-04 

.5-.5a 

.5-70 

37-0 

65-0 

4-68 

2-34 

8-84 

4*86 

6-10 

45-0 

62-0 

3>72 

1-86 

8-4:i 

3-40 

6-00 




TABI.B II 





Concentration of the sulphuric acid 

... 0-10 N 



1 

2 

3 

4 

5 

6 

7 

0-0 

2*0 

4-5 

7-0 

10-0 

15-0 

20-0 

25-0 

0-0 

64- 0 

67-0 

65- 0 

62-0 

59'5 

56-0 

52-0 

ll-OO 

10-92 

9-84 

9-00 

7-64 

6-12 

4-40 

3*48 

1 

1 

i 

0-00 

8- 70 

9- 11 

8-84 

8-43 

8-09 

7-62 

7-07 

20*00 

1.5*30 

13*69 

12-05 

9-92 

7-.50 

4-79 

3-44 

0-00 

0*90 

1-80 

2- 50 

3- 60 

4- 90 

6- 30 

7- 10 
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TABLE m 


Comccntration of the sulphuric acid=0’15 N 


1 

2 

3 

4 

5 

6 

7 

00 

0-0 

12-00 

6-00 

0-00 

20-00 

0-00 

2-0 

64-0 

10-92 

5-46 

8-70 

15-30 

0-90 

4-5 

67-0 

9-84 

4-92 

9-11 

13-69 

1-80 

7-0 

65-0 

9-00 

4-50 

8-84 

12-05 

2-50 

10-0 

62-0 

7-64 

3-82 

8-43 

9-92 

3-60 

15*0 

59-5 

6-12 

3-06 

8-09 

7-50 

4-90 

20-0 

56-0 

4-40 

2-20 

7-62 

4-78 

6-30 

25-0 

52-0 

3-48 

1-74 

7-07 

3-44 

7-10 


Columns : 

1 Time in minutes. 

2 Colorimeter reading, 

3 Sodium thiosulphate (N/40) used for 5c.c. of solution. 

4 Total oxidant in normality X 1000 . 

5 Trivalent manganese in molarity X 1000 . 

6 Hexavalent ©hromium in molarity X 1000 . 

7 Carbon dioxide in molarity X 1000. 


The nature of the curves plotted show distinct indication of the consecutive 
type of the reaction.^^ Such cases of the consecutive reactions are diHicult to 
demonstrate due to the experimental complexities. Simultaneous quantitative 
estimation by Icolorimetric and volumetric methods in our present investigation 
reveals a way to study any type of consecutive reactions which involves some colour- 
ed species as the oxidising agent. 


General Discussion of the Results 

In oxidation-reduction processes where electron exchange occurs, normally the 
mechanism involves one electron change at a time.^^.ia Where the valency changes 
are more than one, it is reasonable to believe that the ^ reaction passes through a 
number of intermediate stages. Hexavalent chromium, in its reduction to 
stage passes through intermediate penta valent and tetravalent condition, three 
steps are involved in the reaction. The reaction between similarly charged ions is 
usually slow and so the reaction between bivalent oxalate and chromate will have 
negative entropy for the transitory state and will be very slow. In more acidic 
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solution however the undissociated chromic acid is oljtaint'd Iwcmwc it is compar- 
atively a weak acid and hence undissociated molecules of cliroinic acid is more 
reactive towards oxalate than the chromate anion. Needless to say that die reaction 
between oxalate and CtOf is again likely to be very slow. In presence of Imgc 
amountsofanacid.CrOj- may be converted to(,.r*» which is more, favourable to 
react with a negatively charged oxalate producing chromium in the teiravalrnt 
stage. The mention of pcniavalcnt and tctravnlcnt chromium as CIr"* and (h ** is 
not rare in literature.^-^® We, may therefore conclude that the reaction between a 
chromate and oxalate in acid solution is guided by the following scheme : 


CrO." 

+ 

2H+ 

« IlaCrO. 







= 11,0 

+ 

GjO* 

(<■) 

CrOa 

+ 

1 

O 

Q 

^ OrOa* 

+ 

GaO."“ 

(ii) 

O 

Q 

+ 

GrOa 

»» GrOi” 

+ 

2 GOa 

(in) 

CrOa- 

+ 

6H + 

.... Gr'® 

•1“ 

3 H|0 

(«V} 

Gr+® 

4' 

CaO.- 

« Cr'^® 

f* 

GjO; 

[P) 

0,0.- 

+ 

Gr+® 

» Gr« 


2 GO, 

{P>) 

Ci+* 

+ 

CaO.- 

... Grf» 

+ 

GaOi 


Cr+® 


O 

Q 

r--. Or-*® 

d' 

2 GO, 

(fhi) 


Steps (iu}, (w) and (wit) of the above equations are expected ttj be rapid and 
also the step (to) in highly acid solutions tnay be considered to lie instsuitaneous. 
Thus, in the reaction between hcxayaknt chromium and oxalate in acid tnetUum 
any of the processes (ti), (o) and (ot'i) will be rate determining. If the velocitir.s of 
these reactions are comparable, the overall chemical change will lie of consecutive 
type, which usually shows induction period. But it will be seen from our results® 
and as well as from those of other workers^’ that this reactiott has no induction 
period which confirms that only one of the reactions determine the speed. We 
have shown that the reaction is unimolccular with respect to hexa valent chromium 
but bimolecular with respect to oxalate.® So, it appears that the etnuition (v) 
determines the speed. 

• 1 mechanisms clarify the part played by an acid in the reaction. It 

r'\ the neutral molecules of chromic acid or CrOj are necessary for the step 

(H) and (m) of the reaction. For further progress of the reaction highervalent posi- 
tively cnarged chromium cation is necessary for the continuation of the reaction to 
an end. 


*^116 results on the enhanced oxid.ation rate of 
fnnnd llwT' m thc prcscncc of manganous sulphate. It is 
SmoWni^r f Oxidant i.s. the amount of oxahatc oxidised is 

concentration o'? hexavalcnt chromium, but with the Increasing 

aS Sm on tf, concentration of oxalate ceases to have 

respect to hexava Hence, thc reaction become unimolccular with 
chromium but tends to become zero-molecular with respect to 
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oxalate, in presence of bivalent manganese as catalyst. The modified path of the 
reaction has been discussed below : 

Oxidation of bivalent manganese may be denoted as, 

GrOa + Mn+* = GrO," + Ma+* (t) 

GrOs” + Mn** = GrOg"" + Mn"*"® (ii) 

Trivalcnt manganese thus formed is likely to produce complexes with oxalate 
which may be tepresented by : 

Mn+® + CaO*- Mn (Cj 04 )+ (iii) 

Mn*® + 2G2O4- ^ MnCGaO,)' (tp) 

We have already made a study on the oxalate complex formed above,®® in 
association with the manganous ion and it is found that the complex is very unstable 
in a fair acidic solution. But in a low acid concentration the reaction mechanism 
may correctly be represented by the following scheme * 


CrOg- + 

2 H+ 

= 

H 2 Gr 04 





HgO + GrOg 

(0 

GrOg + 

GgOi"" 

= 

GrOg" + GgO," 

(«) 

CgOr -h 

GrOg 


GrOg- + 2 GOg 

{Hi) 

+ 

I 

0 

Q 

Mn+* 


Mn+® + GrOg" 

(iv) 

Mn+» + 

OgOg- 

— 

Mn(Cg 04 )+ 

( 0 ) 

Ma(Cg 04 )- + 

0 , 04 - 

= 

Mn(G 204 )“ 

(oi) 

MnCGgO^)" + 

a 

b 

1 

-T= 

Mn(G 204 ) — 

{vii) 

Mn+® + 

G,04- 


Mn+» + GgOg- 

(viii) 

Mn+» + 

Cg 04 - 

= 

Mn+® + 2 GOg 

(ix) 


In the above mechanism step no. (iv) is especially true in low acid medium, 
for in a strong acid solution GrOg- will form sufficient quantity of Gr+® which will 
directly react with oxalate according to the scheme put forward on page 206 of this 
paper. The oxides of chromium in quadrivalent or trivalent stage is likely to be 
more basic in character and therefore will more easily form cations, (n the 
presence of oxalate the trivalent manganese quickly from complexes as indicated in 
steps ( 0 ) and (vi). As they arc transferred into anion with a negative charge, 
further oxidation of oxalate which itself is having negative charge, takes place 
slowly, (step vii). In the oxidation of oxalate therefore, the cation Mn is more 
active and as has been already said, the reaction will depend on the stability 
constant of the complex compound. 

It is also observed that in low acid medium the red colour due to the forma- 
tion of trivalcnt manganese appears in sufficient quantity. It appears that in these 
circumstances the reaction become of the consecutive type.®® 


I 207 ) 



The authors wish to express thanks to Hr, A. K. Dey for iwcfn} stjgfrrations 'md 
to the Ministry of Education, Government of India for providing a senior research 
scholarship to one of them (D. N, C.) throughout the period of investigation. 

REFERKNGIW 

(1) H. Vohl, LuMi.Atm., 63, 398 (1047). 

(2) K. Jabteynsky, Z- wtSf. Chm., 60, 38, (1908). 

(3) N. R. Char, Am. CMm. (9)11, 130, (1919). 

(4) C. Wagner, Z- ‘morg. Chm., 168, 279 (1928). 

(5) D. N.Chakravarty and S. Ghwh, J. hi. Chem. Sot., 34, 841 (1957). 

(8) Ekmntt andlhir Comfmmdt, Clarendon Press (Oxford) Vol, 11, p, 28} 

(7) H. F. Launer, J. Am. Chm Sac., 54, 2597 (1932). 

(8) H. Taube, Chm. , 50, 69 (1952). 

(9) A. S, Cabdlo, Ami Soc. tspm. gtflim., 408, 46 (1952) Hid 207. 

(10) J. A. Iber and N. Devidson, jf. Am. Chm, Sit., n, 4744 (1950). 

(11) W. C. Levds, A Sjrim (ff Plfjfskal Chmialr^, Vol. T, I,ongmftr» Oreen k Co. 1‘itgr 402 ( 192fi), 

(12) B. J. Zwolinski, R. C. Marcus and H. Eyring, Chm. Hut., 55, liStl (lOli'i). 

(13) A. W. Adamson, J. PIff. Chm., 56, 858, (1952), 

(14) H. V. Waretenberg, Z-anorg. CAsw., 247, 135 (1951), 

(15) C. Wagner and W. Price, ibid., 168, 265 (1928). 

(16) W. Manchot and P. Kran, Ber., 39, 3521 (1941), 

(17) E.Lucchi,CA«n. .dir., 36, 68804 (1942). 

(18) D. N. Ghakravarty and S. Ghosh, Z. Plfft. Chm., 207, 392 (19.57). 


t 208 } 


I, 



EDITORIAL BOARD 


L Dr. M. S, Randhwa, New Dolhx (Chairman) 

2. Prof. P. S, Gill, Aligarh 

3. Pi'of. K, Banerji, Calcutta 

4. Prof. Ram Behari, Delhi 

5. Prof. P. L. Srivastava, Allaha])ad 
6* Prof. S. Ghosh, Allahabad 

7, Prof. A. K. Bhattacharya, Sagar 

8. Prof. N, R. Dhar, Allahabad 
9* Prof. S. Ranjan, Allahabad 
10. Prof. R. Misra, Varanasi 

IL Prof. M. I). L. Srivastava, Allahabad 

12. Prof. W. D. West, Sagar 

13. Dr, S. P. Raychaudhuri, New Delhi 

14. Dr. R. N. Tandon, Allahabad (Secretary) 



CONTENTS 

Mechanism of the Action of Alkaline Iodine Solntkm m% Acetaldehyde 

Sntnrrr Bohc, S)3 

Chemical Examination of the Leavei of Couulu.^ fMrba, IK III 

A. Hitilia 98 

Preparation of some 3-acetoxymer€tirisiryI4-acetoxyiiriierciirliiryllinii- 

nothiaa5olld4-ones . R. T. Rad l()l 

Effect of Allyl Group on Optica! Rotatory Power in Deriviitive'jg of 

Reychle/s Acid (). N* Bcrii fOii/ IK (1. Pant 105 

Thermally Induced Convection in a Stellar Atmoisphere 

. * . 'R. S, Ktwl'iwalia 109 

The Influence of the Concentration of the Gelatiiig Miiterial on the 
Gelling Time of some Succinate GelS'-^Part 

S. K.. IKmf /imi S. P. KluHhmn 118 

The Influence of the Concentration of the delating M'aterial on the 
Gelling Time of some Succinate Gels— «p4irt II 

S, !v, Bonr nml S. IK MoMlirun 125 

Study of Colour and Constitution of tl Dyes Ohtiiinrd from Succinic 

Acid and Substituted Succinic Acidi— P$irt II 

* • * » * , S. IK Tsuu.l<nuw/i j. S. (.oatthan 130 

Studies on Thioarsenates— Part I . M. H. Nath Srivanlava mui S. ilhmh 136 

Amino Acid make-up of Proteins in Dolichos Bifloriii and Glycine Saja 

* IK R* ihipii mtil K. (K Salt 140 

Adsorption of Phosphate ion by Indian Lime (Jahalpur^ at DlfTerent 
pH Values — Parti S, K/Dc 

Adsorption of Phosphate ion by Indian Lime f Jahalpur) at Different 

pH Values — Fart 11 S. K. Dr 151 

A Note on the Effect of Glucose and Cane Sugar on AmtnonSum Nitrite 

Decomposition . ( ). N. I'l ijiuthi 159 

EfiFect of Salts on the Release of Adsorbed Urea by Soils . . . , . 

S, (5. MiHra mid (1. I’, Srivustuvii 1G3 

Studies on Thioarsenates—Part II . M. M. Nath Srivastava and S. Chosh 166 

On Strong Summability of Fourier Series and its Conjugate Series , . 

’ • ■ . Tarkeshwar SinKlt 172 

Studies on Thiomolybdates-Part I . M. H. Nrtth Srivastava md S. Ghosh 178 
Studies on Tbiomolybdates— Part II ...... 

' ■ M. H. Nath Srivastava firw/ K. Ghosh 181 

Stability of LyophoKic Sols— Part I .... Gur Ptasad am/ S, Ghosh 187 

Stability of Lyophobic^ols-Part II .... (lur Prasad flnrf S. Glrosh 193 

Absor^ometric Investigation of the Reaction between He*avalent 
c.brommm and Oxalate in Presence of Manganous Sulphate . . 

Uhirendra Nath Chakravarty and S. Ghosh 199 


The Miision Press. Allahabad 



